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METHODS OF PRODUCING A LIBRARY AND METHODS OF 
SELECTING POLYNUCLEOTIDES OF INTEREST 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a high efficiency method of 

introducing DNA into poxvirus, a method of producing libraries in poxvirus, 
and methods of isolating polynucleotides of interest based on cell nonviability 
or screening or selection methods. 

Related Art 

[0002] Identification of Disease Genes, hi the past decade it has become 

apparent that many diseases result from genetic alterations in signaling 
pathways. These include diseases related to unregulated cell proliferation such 
as cancers, atherosclerosis and psoriasis, as well as inflammatory conditions 
such as sepsis, rheumatoid arthritis and tissue rejection* The finding that these 
proliferative diseases axe based on genetic defects is the basis of new 
approaches for disease management by designing drugs which modulate cell 
signaling. In order to develop highly specific drugs,*i.e., drugs which potently 
interfere with uncontrolled cell proliferation but which have low toxicity or 
side effects, it is important to identify the genes encoding polypeptides 
involved in the cellular signal transduction pathways whose aberrant function 
may result in the loss of growth controL 

[0003] Although tremendous progress in understanding relevant signal 

transduction pathways has been made in recent years, it is clear that many of 
the genes involved in the development of proliferative disorders remain to be 
discovered. 

[0004] Toxic Sequences. Several approaches have been employed for the 

identification and isolation of cell proliferation genes such as oncogenes and 
tumor suppressor genes. Traditional approaches include detection of 
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cytogenetic abnormalities in tumor cells, kindred analysis of familial forms of 
cancer, and loss of heterozygosity analysis in tumor cells. Each of these 
classical genetic approaches is limited in the type of gene which can be 
isolated or in the extensive time and labor required. A faster approach would 
be to identify disease genes using in vitro techniques. However, a major 
technical limitation to the cloning of many disease genes is their negative or 
toxic effect on cell proliferation when present in multiple copies, such as when 
carried on a vector. 

[00051 One approach for identifying toxic sequences involves the selection of 

variants that have lost certain malignancy traits, namely "revertants." In this 
method, cells transformed by a variety of oncogenes are subsequently treated 
with a cytotoxic agent which kills dividing cells. "Revertants" that have lost 
the ability to rapidly divide are thus selected. However, revertant lines 
typically are difficult to identify and separate from the majority of rapidly 
growing transformed parental cells. In addition, the method may preclude the 
isolation of certain classes of revertants. The selection procedure may itself 
induce epigenetic or cytogenetic changes, thus further complicating the 
identification of genes responsible for the revertant phenotype. 

[0006] Zarbl et al. developed an alternative assay for the selection of revertant 

tumor cells (Zarbl et al, Environmental Health Perspectives 95:83-89 (1991)). 
This selection protocol is based on the prolonged retention of a fluorescent 
molecule within the mitochondria of a number of transformed cells relative to 
non-transformed cells. However, the approach is limited to particular 
transformation mechanisms because the prolonged dye retention phenotype is 
neither essential nor sufficient for cell transformation. 

[0007J Other methods used to identify cell proliferation genes involve 

biochemical approaches for analyzing cell cycle regulators (Serrano et al t 
Nature 355:704-707 (1993); Xiong et al, Nature 355:701-704 (1993)), 
random sequencing of expressed sequence tags (ESTs) and homology 
comparison (Lennon et al, Genomics 33:151-152 (1996)), and methods for 
identifying differentially expressed genes, such as differential display (Liang 
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et al, Methods Enzymol 254:304-321 (1995)). None of these approaches, 
however, offers a way to directly assess gene function as a method of 
identifying genes of interest, especially negative regulators of proliferation. 
Instead, candidates are identified based on a presumed (or identifiable) 
biochemical function or an abnormal pattern of expression. These candidates 
are then tested further for involvement in cancer. Such tests include mutation 
detection in primary cancers or cell lines, experiments using somatic cells (for 
example, to determine the effect of ectopic expression), or experiments in 
transgenic mice or knockout mice containing inactivated genes. 

[0008] A more recent method for identifying cell proliferation genes involves 

the isolation of variants of transformed cells to identify a cell proliferation 
promoting activity. See U.S. Patent 5,998,136. This selection system 
comprises the creation of growth arrested tumor cell lines or cells which 
undergo apoptosis by, for example, the expression of a gene encoding a 
growth suppressor or apoptosis-inducing gene product under the control of an 
inducible promoter, and selection of revertants that allow the cells to survive. 
Induction of the suppressor or apoptosis-inducing product causes suppression 
of tumor cell growth and/or cell death. Growth-proficient revertants cells are 
identified by virtue of their continued proliferation. 

[0009] The identification of toxic molecules such as tumor suppressor genes 

and other inhibitors of cell proliferation to screen for potential new drugs is 
difficult using current technology. For example, it would be of great value to 
identify dominant negative mutations of signaling molecules that might be 
used to inhibit the unregulated growth of transformed cells. Those negative or 
toxic mutations that result in inhibition of cell growth or in cell death may be 
masked in a library or other population of cells due to the low efficiency of 
transfectioa Additionally, such negative or toxic mutations cannot be selected 
for or screened using current technology because cells expressing such 
variants are lost from the population of transformants. These limitations may 
have been addressed to a limited extent by the use of inducible promoter 
systems, see, for example, those described in Levinson, A.D., "Gene 
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Expression Technology," In D.V. Goeddel (Ed.), Methods in Enzymology, 
Academic Press, p. 497 (1991). However, this approach is labor-intensive, is 
not applicable to certain situations, and has met with varied success depending 
on the cell type and origin of the promoter utilized. 

[0010] As alluded to above, there are methods to identify positive regulators 

of cell growth such as oncogenes, but approaches to isolate toxic genes such as 
tumor suppressor genes are limited. In addition to those described above, 
methods for isolating negative regulators include genetic analysis based on 
anti-sense RNA technologies. 

[0011] Another approach is a method of selection subtraction by tagging a 

clone in an expression library, cloning the tagged clone into a vector, 
delivering the tagged clone to a target cell, and comparing tags before and 
after selection whereby toxic genes and the attached tags disappear. See WO 
99/47643. 

[0012] Yet another approach selects all transformants in a population of cells 

before those transformants expressing negative or toxic variants are lost from 
the population. See WO 97/08186. This method comprises use of a cloning 
vector encoding a recombinant immunoglobulin molecule (rAb) that is 
specific for a particular hapten and expressed on the cell surface. Cells 
receiving the vector express the rAb early after transfection, and are separated 
from the non-recipient cells by the ability to bind the cognate hapten 
conjugated to a solid surface, such as beads. This method does not distinguish 
recipients expressing a gene or cDNA of interest, e.g., a negative or toxic 
variant, from the remaining recipients. 

[0013] Differentially Expressed Sequences. Cloning, sequencing, and 

identification of function of mammalian genes is a first priority in a genomic 
based drug discovery. In particular, it is important to identify and make use of 
genes which are spatially and/or temporally regulated in an organism, for 
example, genes involved in differentiation and growth regulation. 

[0014] Animal model systems such as the fruit fly and the worm are often 

used in gene identification because of ease of manipulation of the genome and 
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ability to screen for mutants. While these systems have their limitations, large 
numbers of developmental mutations have been identified in those organisms 
either by monitoring the phenotypic effects of mutations or by screening for 
expression of reporter genes incorporated into developmentally regulated 
genes. 

[0015] Many features of the mouse make it the best animal model system to 

study gene function. However, the mouse has not been used for large scale 
classical genetic mutational analysis because random mutational screening and 
analysis is very cumbersome and expensive due to long generation times and 
maintenance costs. 

[0016] A disadvantage in using animal models for the identification of genes 

is the need to establish a transgenic animal line for each mutational event. 
This disadvantage is alleviated in part by using embryonic stem (ES) cell lines 
because mutational events may be screened in vitro prior to generating an 
animal. ES cells are totipotent cells isolated from the inner cell mass of the 
blastocyst. Methods are well known for obtaining ES cells, incorporating 
genetic material into ES cells, and promotion of differentiation of ES cells. 
ES cells may be caused to differentiate in vitro or the cells may be 
incorporated into a developing blastocyst in which the ES cells will contribute 
to all differentiated tissues of the resulting animal. Vectors for transforming 
ES cells and suitable genes for use as reporters and selectors are also well 
known. 

[0017] Gene entrapment strategies also have been employed to identify 

developmentally regulated genes. One type of entrapment vector is called a 
"promoter trap," which consists of a reporter gene sequence lacking a 
promoter. Its integration is detected when the reporter is integrated "in-frame" 
into an exon. In contrast, a "gene trap" vector targets the more prevalent 
introns of the eucaryotic genome. The latter vector consists of a splice- 
acceptor site upstream from a reporter gene. Integration of the reporter into an 
intron results in a fusion transcript containing RNA from the endogenous gene 
and from the reporter gene sequence. 
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[0018] Gene trap vectors may be made more efficient by incorporation of an 

internal ribosomal entry site (IRES) such as that derived from the 5 1 non- 
translated region of encephalomyocarditis virus (BMCV). Placement of a 
IRES site between the splice acceptor and the reporter gene of a gene trap 
vector means the reporter gene product need not be translated as a fusion 
product with the endogenous gene product, thereby increasing the likelihood 
that integration of the vector will result in expression of the reporter gene 
product. 

[0019] Gossler, A„ et al Science 244:463-465 (1989) describe the use of 

enhancer trap gene trap vectors for use in identifying developmentaJly 
regulated genes. The gene trap vector consists of the mouse En-2 splice 
acceptor upstream from lacZ (reporter) and a selector gene (hBa-neo). This 
and other current methods requires elaborate screening procedures for linking 
a mutation to a particular spacial/temporal scheme or event whereby the 
mutation is detected in the relevant tissue. 

[0020] A more recently developed method is complementation trapping. See 

WO 99/02719. This method makes use of known genes whose expression is 
restricted to specific tissue, tissues or specialized cells ("restricted 
expression") to facilitate identification and manipulation of new genes and 
their associated transcription control elements which have similar patterns of 
expression. The method comprises (i) transforming a eucaryotic cell with a 
DNA sequence encoding a first indicator component under the control of a 
promoter having restricted expression; (ii) transforming the cell of (i) or a 
descendent of the cell of step (i), by operably integrating into the cell's genome 
DNA lacking a promoter but which comprises a sequence encoding a second 
indicator component; (iii) producing tissue or specialized cells from the cell 
of (ii); and (iv) monitoring the tissue or specialized cells of (iii) for a 
detectable indicator resulting from both the first and second indicator 
components. 

[0021] Expression Libraries. A basic tool in the field of recombinant genetics 

is the conversion of poly(A) + mRNA to double-stranded (ds) cDNA, which 



WO 2004/037993 



PCT/US2003/033557 



-7- 

then can be inserted into a cloning vector and expressed in an appropriate host 
cell. A substantial number of variables affect the successful cloning of a gene 
of interest and cDNA cloning strategy thus must be chosen with care. A 
method common to many cDNA cloning strategies involves the construction 
of a "cDNA library" which is a collection of cDNA clones derived from the 
poly(A) + mRNA derived from a cell of the organism of interest. 
[0022] A mammalian cell may contain up to 30,000 different mRNA 

sequences, and the number of clones required to obtain low-abundance 
mRNAs, for example, may be much greater. Methods of constructing 
genomic eukaryotic DNA libraries in different expression vectors^ including 
bacteriophage lambda, cosmids, and viral vectors, are known. Some 
commonly used methods are described, for example, in Maniatis et al 9 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, 
publisher, Cold Spring Harbor, N.Y, (1982). 
[0023] Once a genomic cDNA library has been constructed and expressed in 

host cells, it is necessary to isolate from the thousands of host cells the 
particular cell or cells which contain the particular gene of interest. Many 
different methods of isolating target genes from cDNA libraries have been 
utilized, with varying success. These include, for example, the use of nucleic 
acid probes, which are labeled mRNA fragments having nucleic acid 
sequences complementary to the DNA sequence of the target gene. When this 
method is applied to cDNA clones of abundant mRNAs in transformed 
bacterial hosts, Colonies hybridizing strongly to the probe are likely to contain 
the target DNA sequences. The identity of the clone then may be proven, for 
example, by in situ hybridization/selection (Goldberg et a/., Methods Enzymol. 
68:206 (1979)) hybrid-arrested translation (Paterson et al, Proceedings of the 
National Academy of Sciences 74:4370 (1977)), or direct DNA sequencing 
. (Maxam and Gilbert, Proceedings of the National Academy of Sciences 74:560 
(1977); Maat and Smith, Nucleic Acids Res. 5:4537 (1978)). 
[0024] Such methods, however, have major drawbacks when the object is to 

clone mRNAs of relatively low abundance from cDNA libraries. For example, 
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using direct in situ colony hybridization, it is very difficult to detect clones 
containing cDNA complementary to mRNA species present in the initial 
library population at less than one part in 200. As a result, various methods for 
enriching mRNA in the total population (e.g. size fractionation, use of 
synthetic oligodeoxynucleotides, differential hybridization, or 
immunopurification) have been developed and are often used when low 
abundance mRNAs are cloned. Such methods are described, for example, in 
Maniatis et al , Molecular Cloning: A Laboratory Manual, supra. 

[0025] Use of mammalian expression libraries to isolate cDNAs encoding 

mammalian proteins such as those described above would offer several 
advantages. For example, the protein expressed in a mammalian host cell 
should be functional and should undergo any normal posttranslational 
modification. A protein ordinarily transported through the intracellular 
membrane system to the cell surface should undergo the complete transport 
process. A mammalian expression system also would allow the study of 
intracellular transport mechanisms and of the mechanism that insert and 
anchor cell surface proteins to membranes. Further, use of a mammalian 
system would make it possible to isolate polynucleotides based on functional 
expression of mammalian RNA or protein. 

[0026] One common mammalian host cell, called a "COS" cell, is formed by 

infecting monkey kidney cells with a mutant viral vector, designated simian 
virus strain 40 (SV40), which has functional early and late genes, but lacks a 
functional origin of replication. In COS cells, any foreign DNA cloned on a 
vector containing the SV40 origin of replication will replicate because SV40 T 
antigen is present in COS cells. The foreign DNA will replicate transiently, 
independently of the cellular DNA. 

[0027] With the exception of some recent lymphokine cDNAs isolated by 

expression in COS cells (Wong, G. G., et al, Science 225:810-815 (1985); 
Lee, F. et al, Proc. Natl Acad. Set USA 53:2061-2065 (1986); Yokota, T., et 
al, Proc. Natl Acad. Set USA 53:5894-5898 (1986); Yang, Y., et al, Cell 
47:3-10 (1986)), however, few cDNAs in general are isolated from 
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mammalian expression libraries. There appear to be two principal reasons for 
this: First, the existing technology (Okayama, H. et al, Mol Cell Biol 2:161- 
170 (1982)) for construction of large plasmid libraries is difficult to master, 
and library size rarely approaches that accessible by phage cloning techniques. 
(Huynh, T. et al 9 In: DNA Cloning Vol, I f A Practical Approach, Glover, D. 
M. (ed.), 1RL Press, Oxford (1985), pp. 49-78). Second, the existing vectors 
are, with one exception (Wong, G. G., et al, Science 225:810-815 (1985)), 
poorly adapted for high level expression, particularly in COS cells. The 
reported successes with lymphokine cDNAs do not imply a general fitness of 
the methods used, since these cDNAs are particularly easy to isolate from 
expression libraries: Lymphokine bioassays are very sensitive ((Wong, G. G., 
et al, Science 225:810-815 (1985); Lee, F. et al, Proc. Natl Acad Set USA 
.55:2061-2065 (1986); Yokota, T. et al, Proc. Natl Acad. Sci. USA 55:5894- 
5898 (1986); Yang, Y. et al, Cell 47:3-10 (1986)) and the mRNAs are 
typically both abundant and short (Wong, G. G. et al, Science 225:810-815 
(1985); Lee, R, et al, Proc. Natl Acad Sci. USA 55:2061-2065 (1986); 
Yokota, T., et al., Proc. Natl Acad. Sci. USA 53:5894-5898 (1986); Yang, Y., 
etal,Cell 47:3-10 (1986)). 

[00281 Thus, expression in mammalian hosts previously has been most 

frequently employed solely as a means of verifying the identity of the protein 
encoded by a gene isolated by more traditional cloning methods. For example, 
Stuve et al, J. Virol 61(2):327-335 (1987), cloned the gene for glycoprotein 
gB2 of herpes simplex type II strain 333 by plaque hybridization of M13- 
based recombinant phage vectors used to transform competent E. coli JM101. 
The identity of the protein encoded by the clone thus isolated was verified by 
transfection of mammalian COS and Chinese hamster ovary (CHO) cells. 
Expression was demonstrated by immunofluorescence and 
radioimmunoprecipitation. 

[0029] Oshima et al used plaque hybridization to screen a phage lambda gtl 1 

cDNA library for the gene encoding human placental beta-glucuronidase. 
Oshima et al, Proceedings of the National Academy of Sciences, U.S.A. 
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84:685-689 (1987). The identity of isolated cDNA clones was verified by 
immunoprecipitation of the protein expressed by COS-7 cells transfected with 
cloned inserts using the S V40 late promoter. 
[0030] Transient expression in mammalian cells has been employed as a 

means of confirming the identity of genes previously isolated by other 
screening methods. Gerald et al 9 Journal of General Virology 67:2695- 
2703(1986). Mackenzie, Journal of Biological Chemistry 257:14112-14117 
(1986); Seif et al t Gene 43:1111-1121 (1986); Orkin et al, Molecular and 
Cellular Biology 5(4):762-767 (1985). These methods often are inefficient and 
tedious and require multiple rounds of screening to identify full-length or 
overlapping clones. Prior screening methods based upon expression of fusion 
proteins are inefficient and require large quantities of monoclonal antibodies. 
Such drawbacks are compounded by use of inefficient expression vectors, 
which result in protein expression levels that aire inadequate to enable efficient 
selection. 

[0031] Seed et al, U.S. Patent 5,506,126 developed a cloning technique based 

upon transient expression of antigen in eukaryotic cells and physical selection 
of cells expressing the antigen by adhesion to an antibody-coated substrate, 
such as a culture dish. This method for cloning cDNA encoding a cell surface 
antigen comprises preparing a cDNA library; introducing this cDNA library 
into eukaryotic mammalian cells; culturing the cells under conditions allowing 
expression of the cell surface antigen; exposing the cells to a first antibody or 
antibodies directed against the cell surface antigen, thereby allowing the 
formation of a cell surface antigen-first antibody complex; subsequently 
exposing the cells to a substrate coated with a second antibody directed against 
the first antibody, thereby causing cells expressing the cell surface antigen to 
adhere to the substrate via the formation of a cell surface antigen-first 
antibody-second antibody complex; and separating adherent from non- 
adherent cells. However, this method is limited to the isolation and cloning of 
proteins which are expressed and transported to the cell surface, whose 
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expressicm does not adversely affect cell viability, and for which specific 
antibody has been isolated. 

[0032] Poxvirus Vectors. Poxvirus vectors are used extensively as expression 

vehicles for protein and antigen expression in eukaryotic cells. The ease of 
cloning and propagating vaccinia in a variety of host cells has led to the 
widespread use of poxvirus vectors for expression of foreign protein and as 
vaccine delivery vehicles (Moss, B., Science 252:1662-1667 (1991). 

[0033] Customarily, a foreign protein coding sequence is introduced into the 

poxvirus genome by homologous recombination. In this method, a previously 
isolated foreign DNA is cloned in a transfer plasmid behind a vaccinia 
promoter flanked by sequences homologous to a region in vaccinia which is 
non-essential for viral replication. The transfer plasmid is introduced into 
vaccinia virus-infected cells to allow the transfer plasmid and vaccinia virus 
genome to recombine in vivo via homologous recombination. As a result of 
the homologous recombination, the foreign DNA is transferred to the viral 
genome. 

[0034] Although homologous recombination is efficient for transferring 

previously isolated foreign DNA of relatively small size into vaccinia virus, 
the method is much less efficient for transferring large inserts, for constructing 
libraries, and for transferring foreign DNA which is deleterious to bacteria. 

[0035] Alternative methods using direct ligation vectors have been developed 

to efficiently construct chimeric genomes in situations not readily amenable 
for homologous recombination (Merchlinsky, M. et al, Virology /90:522-526 
(1992); Scheiflinger, F. et al, Proc. Natl Acad Sci. USA. 59:9977-9981 
(1992)). In such protocols, the DNA from the genome is digested, ligated to 
insert DNA in vitro, and transfected into cells infected with a helper virus 
(Merchlinsky, M. et al, Virology 790:522-526 (1992), Scheiflinger, R et al, 
Proa Natl Acad Sci. USA 59:9977-9981 (1992)). In one protocol, the 
genome was digested at a unique NotI site and a DNA insert containing 
elements for selection or detection of the chimeric genome was ligated to the 
genomic arms (Scheiflinger, F. et al, Proc. Natl Acad. Sci. USA. 59:9977- 
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9981 (1992)). This direct ligation method was described for the insertion of 
foreign DNA into the vaccinia virus genome (Pfleiderer et al, 1 General 
Virology 75:2957-2962 (1995)), Alternatively, the vaccinia WR genome was 
modified by removing the Not! site in the Hindm F fragment and 
reintroducing a NotI site proximal to the thymidine kinase gene such that 
insertion of a sequence at this locus disrupts the thymidine kinase gene, 
allowing isolation of chimeric genomes via use of drug selection 
(Merchlinsky, M. et al, Virology 190:522-526 (1992)). 
[0036] The direct ligation vector vNotl/tk allows one to efficiently clone and 

propagate previously isolated DNA inserts at least 26 kilobase pairs in length 
(Merchlinsky, M. et al, Virology 7P0:522-526 (1992)). Although large DNA 
fragments are efficiently cloned into the genome, proteins encoded by the 
DNA insert will only be expressed at the low level corresponding to the 
thymidine kinase gene, a relatively weakly expressed early class gene in 
vaccinia. In addition, the DNA will be inserted in both orientations at the NotI 
site. 

[0037] The cloning methods and the selection methods above have a number 

of drawbacks and limitations. Therefore it is desirable, and the objective of the 
present invention, to develop cloning and selection methods that would permit 
the identification and isolation of novel genes based on functional analysis. 



SUMMARY OF THE INVENTION 

[0038] In accordance with one aspect of the present invention, there is 

provided a method of high efficiency cloning using a linear DNA virus vector 
such as vaccinia virus vector, comprising tri-molecular recombination. 

[0039] In accordance with another aspect of the present invention, there is 

provided a method of producing a library using a linear DNA virus veptor 
such as vaccinia virus vector. 
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[0040] In accordance with yet another aspect of the present invention, there is 

provided a method of cloning a polynucleotide which negatively affects cell 
viability. 

[0041] In accordance with yet another aspect of the present invention, there is 

provided a method of cloning a polynucleotide in a nondividing cell. 
[0042] In accordance with yet another aspect of the present invention, there is 

provided a method of directly or indirectly selecting a polynucleotide which 

negatively affects cell viability from a plurality of polynucleotides. 
[0043] In accordance with yet another aspect of the present invention, there is 

provided a method of directly or indirectly selecting a polynucleotide which 

encodes an epitope from a plurality of polynucleotides. 
[0044] hi accordance with another aspect of the present invention, there is 

provided a method of directly or indirectly selecting a polynucleotide which 

alters a phenotype of a cell. 
[0045] In accordance with yet another aspect of the present invention, there is 

provided a method of modifying a linear DNA virus vector such as vaccinia 

virus. 

[0046] In accordance with a further aspect of the present invention, there is 

provided a kit for producing a library using tri-molecular recombination. In 
some embodiments, the invention provides a kit for producing an antisense 
expression library comprising a linear DNA viral genome such as vaccinia 
virus or two fragments thereof and two vectors for producing a transfer 
plasmid containing a polynucleotide insert in each of two orientations. In 
another embodiment, the invention provides a kit for producing a protein 
expression library comprising a linear DNA genome such as vaccinia virus or 
two fragments thereof, and three vectors for producing a transfer plasmid 
containing a polynucleotide insert in each of three translation reading frames. 

BRIEF DESCRIPTION OF THE FIGURES 
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[0047] FIG. 1. Nucleotide Sequence of p7.5/tk (SEQ ID NO:l) and pEL/tk 
(SEQ ID NO:3). The nucleotide sequence of the promoter and beginning of 
the thymidine kinase gene for v7.5/tk and vEL/tk. The partial thymidine 
kinase amino acid sequence is also shown (SEQ ID NO:2). 

I0048J FIG. 2. Southern Blot Analysis of Viral Genomes p7.5/tk and pEL/tk. 

The viruses v7.5/tk and vEL/tk were used to infect a well of a 6 well dish of 
BSC-1 cells at high multiplicity of infection (moi) and after 48 hours the cells 
were harvested and the DNA was isolated using DNAzol (Gibco). The final 
DNA product was resuspended in 50 microliters of TE 8.0 and 2.5 microliters 
were digested with Hindm, Hindm and Apal, or HindDI and NotI, 
electrophoresed through a 1.0% agarose gel, and transferred to Nytran 
(Schleicher and Schuell) using a Turboblotter (Schleicher and Schuell). The 
samples were probed with p7.5/tk (A) or pEL/tk (B) labeled with 32 P using 
Random Primer DNA Labeling Kit (Bio-Rad) in QuickHyb (Stratagene). The 
lower portion of the figure denotes a map of the HrnriTTT J fragment with the 
positions of the HindDI, NotI, and Apal sites illustrated. The leftmost 0.5 
kilobase fragment has electrophoresed off the bottom of the gel. 

[0049] FIG. 3. Restriction Enzyme Analysis of Virus Genomes Using CHEF 

Gel. BSC-1 cells were infected at high multiplicity of infection (moi) by 
vaccinia WR, vEIVtk, v7.5/tk> or vNofl/tk. After 24 hours the cells were 
harvested and formed into agarose plugs. The plugs were equilibrated in the 
appropriate restriction enzyme buffer and ImM PMSF for 16 hours at room 
temperature, incubated with restriction enzyme buffer, lOOng/ml Bovine 
Serum Albumin and 50 units NotI or Apal for two hours at 37 °C (NotI) or 
room temperature (Apal) and electrophoresed in a 1.0% agarose gel on a Bio- 
Rad CHEFII apparatus for 15 hours at 6 V/cm with a switching time of 15 
seconds. The leftmost sample contains lambda DNA, the second sample 
contains undigested vaccinia DNA, and the remainder of the samples contains 
the DNA samples described above each well digested with Apal or NotI where 
vEL refers to vEL/tk and v7.5 refers to v7.5/tk. The lower portion of the 
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figure is a schematic map showing the location of the NotI and Apal sites in 
each virus. 

[0050] FIG. 4. Analysis ofv7.5/tfc and vEL/tk by PCR. One well of a 6 well 

dish of BSC-1 cells was infected with v7.5/tk, vEL/tk, vNotl/tk, vpNotl, 
vNotHacZ/tk, or wild type vaccinia WR at high multiplicity of infection (moi) 
and after 48 hours the cells were harvested, and the DNA was isolated using 
DNAzol (Gibco). The final DNA product was resuspended in 50 microliters 
of TE (lOmM TrisHCl, pH8.0. ImM EDTA) and used in a PCR with primers 
MM407 and MM408. The primers are separated by 518 nucleotides in 
vaccinia WR and yield a fragment containing the N terminus of the thymidine 
kinase gene. The products were electrophoresed through a 2% agarose gel. 
The leftmost sample contains phiX 174 Haem digestion products; all others 
contain the PCR product using primers MM407 and MM408 with the DNA 
sample indicated above the well. 

[0051] FIG. 5. Promoter strength of recombinant viruses. The units of p-ghi 

activity were determined as described by Miller (Mamon, EL, et al., Cold 
Spring Harb. Symp. Quant Biol. 56:251-263 (1991)) as adapted for 96-well 
plates. The A405 values were determined on a microplate reader (Dynatech 
MR3000) and the P~ghi activity was determined by comparison to 0-glu 
(Clontech) standards analyzed in the same assay. 

[0052] FIG. 6. Plaque assay on vEL/tk. Ten-fold dilutions of vEL/tk were 

incubated with Hutk" cells (top to bottom) for one hour at 37 °C in 1ml of E- 
MEM (Gibco) with 10% Fetal Bovine Serum for one hour, the media was 
replaced with 3ml of E-MEM with 5% methyl cellulose (Sigma M-0387), 5% 
Fetal Bovine Serum and HAT supplement (Gibco), 25 or 125mM 
bromodeoxyuridine, or no drug, incubated for 48 hours at 37°C, and stained 
with 0.5% Crystal Violet (Sigma C 0775), 20% ethanol, 7.5% formaldehyde. 

[0053] FIG. 7. Schematic of the Tri-Molecular Recombination Method. 

[0054] FIG. 8. Modifications in the nucleotide sequence of the p7.5/tk 

vaccinia transfer plasmid. Four new vectors, p7.5/ATG0/tk (SEQ ID NO:4), 
p7.5/ATGl/tk (SEQ ID NO:5), p7.5/ATG2/tk (SEQ ID NO:6), and 
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p7.5/ATG3/tk (SEQ ID NO:7) have been derived as described in the text from 
the p7.5/tk vaccinia transfer plasmid. Each vector includes unique BamHI, 
Smal, PstI, and Sail sites for cloning DNA inserts that employ either their own 
endogenous translation initiation site (in vector p7.5/ATG0/tk) or make use of 
a vector translation initiation site in any one of the three possible reading 
frames (p7.5/ATGl/tk, p7.5/ATG3/tk, and p7.5/ATG4/tk). 

[0055] FIG. 9. Schematic of a direct selection method using CTL. 

[0056] FIG. 10. Schematic of the strategy to identify shared tumor antigen. 

[0057] FIG. 11. CML selected recombinant vaccinia cDNA clones stimulate 

tumor specific CTL. (A) CML Selected vaccinia clones were assayed for the 
ability, following infection of B/C.N, to stimulate tumor specific CTL to 
secrete interferon gamma (TFNy). The amount of cytokine was measured by 
ELISA, and is represented as OD490 (Jothy, S., et al. 9 Am. J. Pathol. 143:250- 
257 (1993)). An OD490 of 1.4 is approximately equal to 4 ng/ml of IFNy, 
and an OD490 of 0.65 is approximately equal to 1 ng/ml of JFNy. (B) CML 
selected clones sensitize host cells to lysis by tumor specific CTL. 
Monolayers of B/C.N in wells of a 6 well plate were infected with moi=l of 
the indicated vaccinia virus clones. After 14 hours of infection the infected 
cells were harvested and along with the indicated control targets labeled with 
51 Cr, Target cells were incubated with the indicated ratios of tumor specific 
Cytotoxic T Lymphocytes for 4 hours at 37 °C and percentage specific lysis 
was determined (Schrewe, H., et al., Mol. Cell Biol. 10:2738-2748 (1990)). 
This experiment was repeated at least three times with similar results. 

[0058] FIG. 12. The tumor antigen is encoded by a ribosomal protein L3 

gene. Sequence of H2.16 and rpL3 from amino acid position 45 to 56. (A) 
The amino acid (in singile letter code) (SEQ ID NO:8) and nucleotide sequence 
(SEQ ID NO:9) of cDNA clone rpL3 (GenBank Accession no. Y00225). (B) 
A single nucleotide substitution at C170T of the H2.16 tumor cDNA (SEQ ID 
NO: 10) is the only sequence change relative to the published L3 ribosomal 
allele. This substitution results in a T54I amino acid substitution in the protein 
(SBQIDNO:ll). 
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[0059] FIGi, 13. Identification of the peptide epitope recognized by the tumor 

specific CTL. (A) CML assay to identify the peptide recognized by tumor 
specific CTL. Target cells were labeled with 51 Cr (Schrewe, H., et al., Mol. 
Cell Biol 10:2738-2748 (1990)). During the 51 Cr incubation samples of 
B/C.N cells were incubated with l^iM peptide 1,348-56(154), 100 |xM L3 4 g. 
5e(T54) or 100|iM peptide L3 4 5-54(I54). Target cells were incubated with the 
indicated ratios of tumor specific Cytotoxic T Lymphocytes for 4 hours at 
37 °C and percentage specific lysis was determined. This experiment was 
repeated at least three times with similar results. (B) Titration of peptide L3 4 a- 
se (154). Target cells were labeled with 51 Cr. During the 51 Cr incubation 
samples of B/C.N cells were incubated either with no peptide addition (D) or 
with the indicated concentrations (l^iM, lOnM, InM) of L3 48 -56(I54) (■), 
BCA 39 cells were included as a positive control (A). Target cells were 
incubated with the indicated ratios of Tumor Specific Cytotoxic T 
Lymphocytes for 4 hours at 37°C and percentage specific lysis was 
determined. The experiment was repeated twice with similar results. 

[0060] FIG. 14. Analysis of L3 expressed by each cell line. (A) Sau3AI map 

of published ipL3 and H2.16. Shown above is the Sau3AI restriction map for 
the published ribosomal protein L3 gene (Top), and for H2.16 (Bottom). 
Digestion of cDNA for the published L3 sequence generates fragments of 200, 
355, 348, 289, and 84bp. The pattern for H2.16 is identical except for an extra 
Sau3AI site at position 168 caused by the C170T. This results in a 168bp 
digestion product in place of the 200bp fragment (B) The BCA tumors 
express both L3 alleles. RT-PCR products generated from each cell line or 
from vH2.16 were generated using L3 specific primers and then digested with 
Sau3AI, and resolved on a 3% agarose gel for 2 hours at 80 volts. (C) The 
Immunogenic L3 allele is expressed at greatly reduced levels in B/C.N, 
BCB13, and Thymus. L3 specific RT-PCR products from each indicated 
sample were generated using a 32 P end labeled 5 prime PCR primer. No PCR 
product was observed when RNA for each sample was used as template for 
PCR without cDNA synthesis, indicating that no sample was contaminated 
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with genomic DNA. The PCR products were gel purified to ensure purity, 
digested with Sau3AI, and resolved on a 3% agarose gel for 15 hours at 60 
volts. No PCR product was observed in a control PCR sample that had no 
template added to it. This result has been reproduced a total of 3 times. 

[0061] FIG. 15. Immunization with iL3 is immunoprotective. (A) 

Immunization with H2. 1 6 induces tumor specific CTL. Balb/c mice (2/group) 
were immunized by subcutaneous injection with 5X10 6 pfu of vH2.16, or 
control vector v7.5/tk. Seven days later splenocytes were harvested and 
restimulated with peptide L34$.56(I54) (Pardoll, D. M. and Topalian, S. L., 
Curr. ppin.ImmunoL 10:588-594 (1998)). Five days following the second 
restimulation the lymphocytes were tested in a chromium release assay as 
described in Figure 11. The L348-5e(I54) peptide was used at a 1 micromotor 
concentration, and the L34g-56(T54) peptide was used at a 100 micromolar 
concentration. Similar results were obtained when the immunization 
experiment was repeated. (B) Female Balb/cByJ mice were immunized as 
indicated (Southwood, S., et al„ J. Immunol. 160:3363-3373 (1998)). The 
mice were challenged by SC injection with 200,000 viable BCA 34 tumor 
cells into the abdominal wall. Data are from day 35 post challenge. These 
data are representative of 4 independent experiments. 

[0062] FIG. 16. Influenza-specific cytolytic activity of CD4+ CD45RA+ 

human T cells stimulated in the presence of BL12 and IL18. Naive human 
CD4+ CD45RA+ T cells were isolated from PBL of an HLA-A2+ normal 
donor and stimulated in vitro with autologous dendritic cells pulsed with heat- 
inactivated influenza virus. The dendritic cells were derived from PBMC by 
culture with GM-CSF+IL4 (1000 U/ml each) for 7 days. DC were pulsed 
with heat-inactivated influenza virus (1000 HAU) and transferred to monocyte 
conditioned medium for 3 more days to induce maturation prior to T cell 
stimulation. Cultures of naive T cells and antigen-pulsed dendritic cells 
received rhIL-2 (20 U/ml), rhIL-12 (20 U/ml, R&D Systems), rhIH8 (10 
ng/ml, R&D Systems), rhlFN-y (1 ng/ml), and mouse anti-human IL-4 (50 
mg/ml, Pharraingen). Cells were restimulated after 7 days using identical 
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conditions with fresh autologous DC pulsed with virus. Cytotoxic activity was 
assayed at day 14 in a 4 hr 51 Cr release assay using autologous monocytes +/- 
heat-inactivated virus or K562 control targets. 
[0063] FIG. 17. CD4+ cytotoxic T cell response. Naive CD4+ mouse T 

lymphocytes from heterozygous DO1L10 transgenic females were cultured 
for 9 days in the presence of BALB/c bone marrow-derived mature dendritic 
cells pulsed with OVA 323-339 (10 mM). Recombinant murine cytokines 
were purchased from R&D Systems and used at the same concentrations as 
indicated above for the human cytokines. Rat ant-mouse DL-4 (11B11, 
Pharmingen) was used at 50 mg/ml. B/c.N (H-2 d ) targets were incubated 72 
hours with rmlFN-y (1000 U/ml) to induce expression of class II MHC 
molecules prior to a 4 hr 51 Cr release assay. The four panels demonstrate that 
OVA (323-339) specific cytotoxic cells are efficiently induced only in the 
presence of all 4 cytokines and anti-IL-4 antibody. As expected for this OVA 
(323-339) class II MHC restricted response, all the T cells recovered were 
CD4 positive. 

[0064] FIG. 18. Gene isolation in solution. Schematic of a method for 

selection of longer length cDNA from single strand circles rescued from a 
phagemid library. DNA fragments identified through RDA or Modified 
Differential Display are employed to select more full length cDNA. 

[0065] FIG. 19. An example of ADCC during a 4 hour incubation of normal 

PBL derived monocytes with human breast cancer SK-BR-3 cells sensitized 
with 1 mg/ml Herceptin (humanized anti-Her2/neu antibody) at different 
ADCC Effector to Target ratios. 

[0066] FIG. 20. Tolerance Induction. DBA/2 (H-2 d ) mice were immunized 

with 10 7 C57B1/6 (H-2 b ) spleen cells intraperitoneally and, in addition, were 
injected with either saline or 0.5 mg monoclonal anti-CD40 ligand antibody 
(MR1B, anti-CD 154) administered both at the time of immunization and two 
days later. On day 10 following immunization, spleen cells from these mice 
were removed and stimulated in vitro with either C57B1/6 or control 
allogeneic C3H (H-2 k ) spleen cells that had been irradiated (20 Gy). After 5 
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days in vitro stimulation, C57B1/6 and C3H specific cytolytic responses were 
assayed at various effectontarget ratios by 5l Cr release assay from specific 
labeled targets, in this case, either C3H or C57B1/6 dendritic cells pulsed with 
syngeneic spleen cell lysates. 
[0067] FIG. 2 1 . Attenuation of poxvirus-mediated cytopathic e ffects. 

[0068] FIG. 22. Differentiation of mesenchymal stem cells following infection 

with vaccinia virus recombinants expressing BMP-2 or Sox-9 chondrocyte 
differentiation factors. Mouse mesenchymal stem cells were harvested from 
embryonic day 11.5 mice. Control cells were plated at low density to avoid 
aggregation-mediated spontaneous differentiation. Bone Morphogenic Protein 
2 (BMP-2) was used at a concentration of (50ng/ml). The graphs show a 
scaled composite of two independent realtime-PCR experiments performed on 
reverse transcribed total RNA. The Y axis shows the percent relative to b- 
actin. Dl, D2 = dayl, day2. The data shows the induction of cBfal, aggrecan, 
and collagen type II, key markers of chondrogenesis either by treatment with 
low levels of BMP-2 or through infection with vaccinia virus recombinants 
containing BMP-2 (wB) or SOX-9 (wS). 
[0069] FIG. 23. Schematic of "points of convergence." B, C, and G represent 

proteins encoded by target polynucleotides (upstream genes), which are 
isolated in the methods of the invention by detecting the expression of reporter 
gene products such as endogenous proteins ( <c baits"). 
[0070] FIG 24. Human C35 genomic locus. Using the sequence of the human 

C35 transcript, the human C35 genomic locus was identified by BLAST 
analysis against the public human genome sequence database. This entire C35 
gene (composed of four exons and three introns) is contained within a 1401 
nucleotide region between 37,795,754 and 37,797,155 on chromosome 17. 
The ERBB2/HER2 gene terminates 505 nucleotides from the 3' end of C35 
while the GRB7 gene begins 7402 nucleotides from the 5' start of C35 
transcription. 

[0071] FIG 25. Distribution of Predicted Transcription Factor Binding Sites 

Within the C35 short promoter. The X axis represents nucleotide positions 
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706 to 1107 of SEQ ID NO:77 (number 1 corresponds to nucleotide 706 of 
SEQ ID NO:77, and number 402 corresponds to nucleotide 1107 of SEQ ID 
NO:77), while the Y axis shows the number of predicted binding sites at a 
given nucleotide position. 
[0072] FIG 26. Testing of C35 Promoter By Luciferase Assay. Luciferase 

constructs were transfected into H16N2 and 21MT2 cell lines. Luciferase 
assay was performed 36 hours after transfection. Both the C35 long promoter 
(SEQ ID NO:77), labeled as "Frag 1," and the C35 short promoter 
(nucleotides 706 to 1107 of SEQ ID NO:77), labeled as "Frag 2," showed 
increased luciferase activities in C35 high-expressing 21MT2 cells compared 
to low expressing H16N2, while the promoter-less luciferase construct had no 
luciferase activity in either cell line. 

DETAILED DESCRIPTION OF THE INVENTION 

[0073] In some embodiments, the invention provides a method of selecting a 
target polynucleotide, comprising: (a) introducing into a population of host 
cells a library of insert polynucleotides; wherein at least one of the insert 
polynucleotides comprises the target polynucleotide; and wherein expression 
of the target polynucleotide directly or indirectly promotes host cell death; (b) 
culturing said host cells; and (c) collecting insert polynucleotides from those 
host cells which undergo cell death. 

[0074] In further embodiments, the method further comprises: (d) introducing 

the collected polynucleotides into a population of host cells, wherein 
expression of the target polynucleotide directly or indirectly promotes host cell 
death; (e) culturing said host cells; and (f) collecting insert polynucleotides 
from those host cells which undergo cell death. 

[0075] In further embodiments, the method further comprises repeating steps 

(d)-(i) one or more times, thereby enriching for the target polynucleotide. 
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[0076] In further embodiments, the method further comprises purifying the . 

collected polynucleotides. 
[0077] In further embodiments, the host cells are adherent to a solid support. 

[0078] In further embodiments, expression of the target polynucleotide 

indirectly promotes cell death upon exposure of the host cells to an agent. 
[0079] In further embodiments, the agent comprises a member selected from 

the group consisting of: a physical agent, a chemical agent, and a biological 

agent. 

[0080] In further embodiments, the physical agent is selected from the group 

consisting of: radiation, UV radiation, gamma radiation, infrared radiation, 
visible light, increased temperature, and decreased temperature. 

[0081] In further embodiments, the chemical agent is selected from the group 

consisting of: a chemotherapeutic agent, a cytotoxic agent, and a DNA 
damaging agent. 

[0082] In further embodiments, the biological agent is selected from the group 

consisting of an antisense construct, an infectious agent, a therapeutic agent, 
an antibody, a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an epitope, 
and a receptor. 

[0083] In further embodiments, the biological agent is conjugated to a toxin. 

[0084] In another embodiment, the biological agent effects cell death by a 

process selected from the group consisting of: CTL-induced cytotoxicity, 
antibody-dependent cellular cytotoxicity and complement-dependent 
cytotoxicity. 

[0085] In further embodiments, the biological agent comprises a cytotoxic T 

lymphocyte (CTL), wherein said CTL expresses surface CD4, wherein said 
target polynucleotide encodes a polypeptide, and wherein said polypeptide is 
processed and presented in association with a class II major histocompatibility 
molecule (MHC). 

[0086] In further embodiments, expression of said target polynucleotide 

effects a cellular process selected from the group consisting of cellular 
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differentiation, growth regulation, cellular proliferation, apoptosis, and 

hormonal response. 
[0087] In further embodiments, cell death is the result of apoptosis. 

[0088] In further embodiments, apoptosis is induced through expression of a 

apoptosis-related gene product which directly promotes apoptosis. 
[0089] In further embodiments, apoptosis is induced through expression of an 

apoptosis-related gene product which indirectly promotes apoptosis. 
[0090] In further embodiments, the apoptosis-related gene product comprises 

a death domain containing receptor expressed on the surface of said host cells, 

and wherein said host cells are contacted with a ligand for said death domain 

containing receptor. 

[0091] In further embodiments, those cells which have undergone apoptosis 

are released from said substrate. 
[0092] In further embodiments, the released host cells, or contents thereof are 

collected by removing the liquid medium in which said host cells are cultured. 
[0093] In further embodiments, those host cells which have undergone 

apoptosis are fully or partially lysed, thereby releasing their cytoplasmic 

contents into the liquid medium in which said host cells are cultured. 
[0094] In further embodiments, the released host cell contents are collected by 

removing the liquid medium in which said host cells are cultured. 
[0095] In further embodiments, the cell death is the result of a cytotoxic T- 

lymphocyte induced lytic event. 
[0096] In further embodiments, the target polynucleotide encodes a target 

epitope for a cytotoxic T lymphocyte (CTL). 
[0097] In further embodiments, the CTL is a CD4+ CTL. 

[0098] In further embodiments, the target epitope is expressed on the surface 

of said host cells in the context of a native MHC molecule expressed on said 

host cell, and wherein said host cells are contacted with CTLs which are 

restricted for said MHC molecule and specific for said target epitope. 
[0099] In further embodiments, the MHC molecule is selected from the group 

consisting of a class I MHC molecule and a class H MHC molecule. 
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[00100] la further embodiments, the MHC molecule is a class II MHC 
molecule. 

[00101] la further embodiments, the target polynucleotide is fused to a 
polynucleotide encoding Ii-80 fragment of the class II MHC molecule 
invariant chain. 

[0100] In further embodiments, those cells which have undergone a CTL- 

mediated lytic event are released from said substrate. 
[0101] In further embodiments, the released host cells, or contents thereof, are 

collected by removing the liquid medium in which said host cells are cultured. 
[0102] In further embodiments, those host cells which have undergone a CTL- 

mediated lytic event are fully or partially lysed, thereby releasing their 

cytoplasmic contents into the liquid medium in which said host cells are 

cultured. 

[0103] In further embodiments, the released host cell contents are collected by 

removing the liquid medium in which said host cells are cultured. 

[0104] In further embodiments, the cell death is the result of expression of a 

suicide gene product. 

[0105] In further embodiments, the suicide gene product is selected from the 

group consisting of a diphtheria toxin A chain polypeptide, a Pseudomonas 
exotoxin A chain polypeptide, a ricin A chain polypeptide, an abrin A chain 
polypeptide, a modeccin A chain polypeptide, and an alpha-sarcin 
polypeptide. 

[0106] In further embodiments, the host cells are progenitor cells comprising a 

suicide gene operably associated with a tissue-restricted promoter, wherein 
expression of said target polynucleotide directly or indirectly induces 
transcription of said tissue-restricted promoter, resulting in expression of said 
suicide gene; and wherein expression of said suicide gene promotes death of 
those progenitor cells haiboring said target polynucleotide. 

[0107] In further embodiments, the host cell is a RAW cell, and wherein said 

suicide gene is operably associated with the TRAP promoter. 
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[0108] In further embodiments, the target polynucleotide directly or indirectly 

regulates osteoclast differentiation. 
[0109] In further embodiments, the suicide gene encodes the Diphtheria toxin 

Asubunit. ■ 

[0110] In further embodiments, the tissue-restricted promoter is identified by 

gene expression profiling of said host cells under different conditions in 

microarrays of ordered cDNA libraries. 
[0111] In further embodiments, those host cells expressing said suicide gene 

product are released from said substrate. 
[0112] In further embodiments, the released host cells, or contents thereof are 

collected by removing the liquid medium in which said host cells are cultured. 
[0113] Li further embodiments, those host cells expressing said suicide gene 

product are fully or partially lysed, thereby releasing their cytoplasmic 

contents into the liquid medium in which said host cells are cultured. 
[0114] In further embodiments, the released host cell contents are collected by 

removing the liquid medium in which said host cells are cultured. 
[0115] In further embodiments, cell death occurs within a period selected 

from the group consisting of: 48 hours after expression of said insert 

polynucleotide, 24 hours after expression of said insert polynucleotide, and 12 

hours after expression of said insert polynucleotide. 
[0116] In further embodiments, said library of polynucleotides is constructed 

in a eukaryotic virus vector. 
[0117] In further embodiments, the eukaryotic virus vector is an animal virus 

vector. 

[0118] In further embodiments, the eukaryotic virus vector is a plant virus 

vector. 

[0119] In further embodiments, the eukaryotic virus vector is capable of 

producing infectious viral particles in cells selected from the group consisting 
of insect cells, plant cells, and mammalian cells. 

[0120] In further embodiments, the eukaryotic virus vector is attenuated. 
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[0121] In further embodiments, the eukaryotic virus vector is capable of 

producing infections viral particles in mammalian cells. 
[0122] In further embodiments, the attenuation is by genetic mutation. 

[0123] In further embodiments, the attenuation is by reversible inhibition of 

virus replication. 

[0124] In further embodiments, the naturally-occurring genome of said 

eukaryotic virus vector is DNA. 
[0125] ' In further embodiments, the naturally-occurring genome of said 

eukaryotic virus vector is linear, double-stranded DNA. 
[0126] In further embodiments, the eukaryotic virus vector is selected from 

the group consisting of an adenovirus vector, a herpesvirus vector and a 

poxvirus vector. 

[0127] In further embodiments, the eukaryotic virus vector is a poxvirus 

vector. 

[0128] hi further embodiments, the poxvirus vector is selected from the group 

consisting of an orthopoxvirus vector, an avipoxvirus vector, a capripoxvirus 

vector, a leporipoxvirus vector, and a suipoxvirus vector. 
[0129] In further raibodiments, the poxvirus vector is an orthopoxvirus vector 

selected from the group consisting of a vaccinia virus vector and a raccoon 

poxvirus vector. 

[0130] In further embodiments, the orthopoxvirus vector is a vaccinia virus 

vector. 

[0131] In another embodiment, the invention provides a method of selecting a 

target polynucleotide, comprising: (a) introducing into a population of host 
cells a library of insert polynucleotides; wherein said library is constructed in a 
linear DNA virus vector, wherein at least one of said insert polynucleotides 
comprises said target polynucleotide; and wherein expression of said target 
polynucleotide directly or indirectly prevents death of a host cell comprising 
said target polynucleotide; (b) culturing said host cells; and (c) collecting 
insert polynucleotides from those host cells which do not undergo cell death. 
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[0132] In further embodiments, the method further comprises: (d) introducing 

said collected polynucleotides into a population of host cells, and wherein 
expression of said target polynucleotide directly or indirectly prevents death of 
a host cell comprising said target polynucleotide; (e) culturing said host cells; 
and (f) collecting insert polynucleotides from those host cells which do not 
undergo cell death. 

[0133] In further embodiments, the method further comprises repeating steps 

(d) -(f) one or more times, thereby enriching for said target polynucleotide. 
[0134] In further embodiments, the method further comprises purifying said 

collected polynucleotides. 

[0135] In another embodiment, the invention provides a method of selecting a 

target polynucleotide, comprising; (a) introducing into a population of host 
cells a library of insert polynucleotides; wherein said library is constructed in a 
linear DNA virus vector, wherein at least one of said insert polynucleotides 
comprises said target polynucleotide; wherein exposure of said host cells to an 
agent promotes cell death; and wherein expression of said target 
polynucleotide directly or indirectly prevents death of a host cell comprising 
said target polynucleotide; (b) culturing said host cells; (c) exposing said host 
cells to said agent; and (d) collecting insert polynucleotides from those host 
cells which do not undergo cell death. 

[0136] In further embodiments, the method further comprises: (e) introducing 

said collected polynucleotides into a population of host cells, wherein 
. exposure of said host cells to an agent promotes cell death; and wherein 
expression of said target polynucleotide directly or indirectly prevents death of 
a host cell comprising said target polynucleotide; (f) culturing said host cells; 
(g) exposing said host cells to said agent; and (h) collecting insert 
polynucleotides from those host cells which do not undergo cell death. 

[0137] la further embodiments, the method further comprised repeating steps 

(e) -(h) one or more times, thereby enriching for said target polynucleotide. 
[0138] In further embodiments, the method further comprises purifying said 

collected polynucleotides. 



WO 2004/037993 PCT/US2003/033557 

-28- 

[0139] In further embodiments, said cell death is the result of a cellular effect 

selected from the group consisting of cell lysis, expression of a suicide gene 
product, a cytotoxic T-lymphocyte induced lytic event, apoptosis, loss of 
viability, loss of membrane integrity, loss of structural stability, cell 
disruption, disruption of cytoskeletal elements, inability to maintain membrane 
potential, arrest of cell cycle, inability to generate energy, growth arrest, 
cytotoxic effects, cytostatic effects, genotoxic effects, and growth suppressive 
effects. 

[0140] In further embodiments, cell death occurs within a period selected 

from the group consisting of: 48 hours after expression of said insert 
polynucleotide, 24 hours after expression of said insert polynucleotide, and 12 
hours after expression of said insert polynucleotide. 

[0141] In further embodiments, the host cells are adherent to a solid support. 

[0142] In further embodiments, the agent is a member selected from the group 

consisting of: a physical agent, a chemical agent, and a biological agent. 

[0143] In further embodiments, the physical agent is selected from the group 

consisting of: radiation, UV radiation, gamma radiation, infrared radiation, 
visible light, increased temperature, and decreased temperature. 

[0144] In further embodiments, the chemical agent is selected from the group 

consisting of: a chemotherapeutic agent, a cytotoxic agent, and a DNA 
damaging agent. 

[0145] In further embodiments, the biological agent is selected from the group 

consisting of an antisense construct, an infectious agent, a therapeutic agent, 
an antibody, a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an epitope, 
and a receptor. 

[0146] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
hapten, an epitope, and a receptor; and wherein said biological agent is 
conjugated to a toxin. 

[0147] In further embodiments, the biological agent effects cell death by a 

process selected from the group consisting of: CTL-induced cytotoxicity, 
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antibody-dependent cellular cytotoxicity and complement-dependent 
cytotoxicity. 

[0148] In further embodiments, the biological agent comprises a cytotoxic T 

lymphocyte (CTL), wherein said CTL expresses surface CD4, wherein said 
target polynucleotide encodes a polypeptide, and wherein said polypeptide is 
processed and presented in association with a class II major histocompatibility 
molecule (MHC). 

[0149] In further embodiments, expression of said target polynucleotide 

effects a cellular process selected from the group consisting of cellular 
differentiation, growth regulation, cellular proliferation, apoptosis, and 
hormonal response. 

[0150] hi further embodiments, the cell death is the result of apoptosis. 

[0151] In further embodiments, apoptosis is induced through expression of an 

apoptosis-related gene product which directly promotes apoptosis. 

[0152] In further embodiments, apoptosis is induced through expression of an 

apoptosis-related gene product which indirectly promotes apoptosis. 

[0153] In further embodiments, the apoptosis-related gene product comprises 

a death domain containing receptor expressed on the surface of said host cells, 
and wherein said host cells are contacted with a ligand for said death domain 
containing receptor. 

[0154] In further embodiments, those cells which have undergone apoptosis 

are released from said support 
[0155] In further embodiments, the released host cells, or contents thereof, are 

removed from said cells which do not undergo cell death. 
[0156] In further embodiments, those host cells which have undergone 

apoptosis are fully or partially lysed, thereby releasing their cytoplasmic 

contents into the liquid medium in which said host cells are cultured. 
[0157] In further embodiments, the released host cell contents are removed 

from said cells which do not undergo cell death. 
[0158] In further embodiments, cell, death is the result of expression of a 

suicide gene product. 
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[0159] In further embodiments, expression of said target polynucleotide 

directly or indirectly inhibits expression of a suicide gene encoding said 
suicide gene product 

[0160] hi further embodiments, the suicide gene product is selected from the 

group consisting of a diphtheria toxin A chain polypeptide, a Pseudomonas 
exotoxin A chain polypeptide, a ricin A chain polypeptide, an abrin A chain 
polypeptide, a modeccin A chain polypeptide, and an alpha-sarcin 
polypeptide. 

[0161] In further embodiments, the host cells are progenitor cells comprising a 

suicide gene operably associated with a tissue-restricted promoter; wherein 
exposure to said agent induces transcription from said tissue-restricted 
promoter, resulting in expression of said suicide gene; and wherein expression 
of said target polynucleotide directly or indirectly inhibits expression of said 
suicide gene, thereby preventing death of said progenitor cells comprising said 
target polynucleotide. 

[0162] In further embodiments, the host cell is a RAW cell, wherein said 

agent is the RANK ligand (RANKL), and wherein said tissue-restricted 
promoter is the TRAP promoter. 

[0163] In further embodiments, the target polynucleotide directly or indirectly 

regulates osteoclast differentiation. 

[0164] In further embodiments, the suicide gene encodes the Diphtheria toxin 

A subunit. 

[0165] In further embodiments, the tissue-restricted promoter is identified by 

gene expression profiling of said host cells under different conditions in 

microarrays of ordered cDNA libraries. 
[0166] In further embodiments, the expression profiling compares gene 

expression under different conditions in host cells infected with a eukaryotic 
f virus expression vector, wherein said eukaryotic virus expression vector is the 

vector used to construct said library of polynucleotides. 
[0167] In further embodiments, the host cells are non-dividing cells 

. comprising a suicide gene operably associated with a proliferation-specific 
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promoter; wherein exposure to said agent induces transcription from said 
proliferation-specific promoter, resulting in expression of said suicide gene; 
and wherein expression of said target polynucleotide directly or indirectly 
inhibit sexpression of said suicide gene, thereby preventing death of said non- 
dividing cells comprising said target polynucleotide. 
[0168] In further embodiments, the proliferation-specific promoter is 

identified by gene expression profiling of said host cells under different 
conditions in microarrays of ordered cDNA libraries. 
[0169] In further embodiments, the expression profiling compares gene 

expression under different conditions in host cells infected with a eukaryotic 
virus expression vector, wherein said eukaryotic virus expression vector is the 
vector used to construct said library of polynucleotides. 
[0170] In further embodiments, those host cells expressing said suicide gene 

product are released from said support. 
[0171] In further embodiments, the released host cells, or contents thereof are 

removed from said cells which do not undergo cell death. 
[0172] In further embodiments, those host cells expressing said suicide gene 

product are fully or partially lysed, thereby releasing their cytoplasmic 
contents into the liquid medium in which said host cells are cultured* 
[0173] In further embodiment?, the released host cell contents are removed 

from said cells which do not undergo cell death. 
[0174] In further embodiments, cell death occurs within a period selected 

from the group consisting of: 48 hours after expression of said insert 
polynucleotide, 24 hours after expression of said insert polynucleotide, and 12 
hours after expression of said insert polynucleotide. 
[0175] In another embodiment, the invention provides a method of selecting a 

target polynucleotide, comprising: (a) introducing into a population of host 
cells a library of insert polynucleotides; wherein said library is constructed in a 
linear DNA virus vector; wherein at least one of said insert polynucleotides 
comprises the target polynucleotide; and wherein expression of said target 
polynucleotide directly or indirectly alters a phenotype in a cell comprising 
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said target polynucleotide; (b) culturing said host cells; and (c) collecting 
insert polynucleotides from those host cells which exhibit said altered 
phenotype. 

J0176] In further embodiments, the method further comprises: (d) introducing 

said collected polynucleotides into a population of host cells, and wherein 
expression of said target polynucleotide directly or indirectly alters a 
phenotype of a host cell comprising said target polynucleotide; (e) culturing 
said host cells; and (f) collecting insert polynucleotides from those host cells 
which exhibit said altered phenotype. 

[0177] In further embodiments, the method further comprises repeating steps 

(d)-(f) one or more times, thereby enriching for said target polynucleotide. 

{0178] In further embodiments, method further comprises purifying said 

collected polynucleotides. 

[0179] In further embodiments, the altered phenotype is the expression of a 

reporter gene product 

[0180] In further embodiments, the reporter gene product is selected from the 

group consisting of an epitope (e.g., an endogenous protein or epitope- 
containing fragment thereof), chloramphenicol acetyl transferase (CAT), green 
fluorescent protein (GFP), blue fluorescent protein (BEP), yellow fluorescent 
protein (YFP), red fluorescent protein (RFP), luciferase and P-galactosidase. 

[0181] In further embodiments, expression of the reporter gene product is 

detected by FACS. Preferably, the cells are selected by cell sorting. 

[0182] In further embodiments, the polynucleotide encoding the reporter gene 

product is under the control of a promoter and the target polynucleotide 
encodes an upstream gene (e.g. upstream regulator) of the promoter. The 
target polynucleotide may directly or indirectly activate (transactivate, induce, 
stimulate, upregulate, enhance, increase, etc.) or suppress (decrease) 
expression of the promoter. In the case of a reporter gene product that is an 
epitope (e.g. endogenous protein or fragment), the polynucleotide encoding 
the epitope (e.g. endogenous protein or fragment) may be under the control of 
its endogenous promoter, and the target polynucleotide directly or indirectly 
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activates (transactivates, induces, stimulates, upregulates, enhances, increases, 
etc.) or suppresses (decreases) expression of the promoter and/or expression of 
the epitope (e.g. endogenous protein or fragment). 

[0183] In further embodiments, the polynucleotide encoding the epitope (e.g. 
endogenous protein or fragment) may be endogenous or may be exogenous 
(i.e., recombinant; the host cell is engineered with the polynucleotide encoding 
the epitope or both). Epitopes (e.g. endogenous proteins or fragments) maybe 
involved in, for example, cancer, inflammatory disease, atherosclerosis, 
differentiation and musculoskeletal disorders. Preferably, the endogenous 
protein is full length. Epitopes (e.g., endogenous proteins or fragments) 
include those in Examples 28-29, or elesewhere herein. 

[01841 In further embodiments, the reporter gene product such as an epitope, 

(e.g. endogenous protein or fragment) is expressed extracellularly, preferably 
on the cell surface, or is expressed intracellularly, preferably in the cytosol. 
Reporter gene products such as an epitope (e.g. endogenous protein or 
fragment) may be detected using an antibody. The antibodies may be 
introduced into the cell by pinocytic vesicle delivery, HIV-TAT mediated 
delivery, peptide-based delivery or lipid-based delivery. The antibody may be 
labeled or may be unlabeled. The antibody may be detected by a secondary 
antibody. Preferably, the antibody or secondary antibody is labeled with a 
fluorescent label. Preferably the antibody is detected by FACS, and the cells 
are selected by cell sorting. 

[0185] In further embodiments, the reporter gene product such as green 

fluorescent protein (GFP), blue fluorescent protein (BFP), yellow fluorescent 
protein (YFP), red fluorescent protein (REP), or luciferase is encoded by a 
polynucleotide under the control of a promoter such as, for example, a 
promoter involved in cancer, inflammatory disease, atherosclerosis, 
differentiation or musculoskeletal disorders. The promoter may be, for 
example, those in Examples 7, or 26-29, or elsewhere herein. 
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[01861 la further embodiments, expression of said target polynucleotide 

indirectly promotes expression of said reporter gene product in said host cells 

upon exposure of said host cells to an agent 
[0187] hi further embodiments, the agent is a member selected from the group 

consisting of: a physical agent, a chemical agent, and a biological agent. 
[0188] In further embodiments, the physical agent is selected from the group 

consisting of: radiiation, UV radiation, gamma radiation, infrared radiation, 

visible light, increased temperature, and decreased temperature. 
[0189] In further embodiments, the chemical agent is selected from the group 

consisting of: a chemotherapeutic agent, a cytotoxic agent, and a DNA 

damaging agent 

[0190] In further embodiments, the biological agent is selected from the group 

consisting of an antisense construct, an infectious agent, a therapeutic agent, 
an antibody, a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an epitope, 
and a receptor. 

[0191] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
hapten, an epitope, and a receptor; and wherein said biological agent is 
conjugated to a toxin. 

[0192] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
hapten, an epitope, and a receptor; and wherein said biological agent is 
labeled 

[0193] In further embodiments, the biological agent effects cell death by a 

process selected from the group consisting of: CTL-induced cytotoxicity, 
antibody-dependent cellular cytotoxicity and complement-dependent 
cytotoxicity, 

[0194] In further embodiments, the biological agent comprises a cytotoxic T 

lymphocyte (CTL), wherein said CTL expresses surface CD4, wherein said 
target polynucleotide encodes a polypeptide, and wherein said polypeptide is 
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processed and presented in association with a class II major histocompatibility 
molecule (MHC). 

[0195] In further embodiments, expression of said target polynucleotide 

effects a cellular process selected from the group consisting of cellular 
differentiation, growth regulation, cellular proliferation, apoptosis, and 
hormonal response. 

[01961 In further embodiments, the host cells are progenitor cells comprising a 

selectable gene product operably associated with a tissue-restricted promoter; 
wherein expression and secretion of a product encoded by said target 
polynucleotide directly or indirectly induces transcription of said tissue- 
restricted promoter, resulting in expression of said selectable gene product. 
[01971 further embodiments, the host cell is a RAW cell, and wherein said 

selectable gene product is operably associated with the TRAP promoter. 
[0198] In further embodiments, the target polynucleotide directly or indirectly 

regulates osteoclast differentiation. 
[0199] In further embodiments, the tissue-restricted promoter is identified by 

gene expression profiling of said host cells under different conditions in 
niicroarrays of ordered cDNA libraries, 
[0200] In further embodiments, the host cells are non-dividing cells 

comprising a selectable gene product operably associated with a proliferation- 
specific promoter; wherein expression and secretion of a product encoded by 
said target polynucleotide directly or indirectly induces transcription of said 
proliferation-specific promoter, resulting in expression of said selectable gene 
product. 

[0201] In further embodiments, the proliferation-specific promoter is 

identified by gene expression profiling of said host cells under different 
conditions in microarrays of ordered cDNA libraries. 

[0202] In another embodiment, the invention provides a method of selecting a 

target polynucleotide, comprising: (a) dividing host cells comprising a library 
of insert polynucleotides into pools; wherein said library is constructed in a 
linear DNA virus vector; wherein at least one of said insert polynucleotides 
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comprises the target polynucleotide; and wherein expression of said target 
polynucleotide and secretion of the product of said target polynucleotide 
directly or indirectly alters a phenotype of an indicator cell; (b) culturing said 
host cell pools in the presence of indicator cells; (c) collecting insert 
polynucleotides from those host cell pools in which said indicator cells exhibit 
an altered phenotype. 

[0203] In further embodiments, the method further comprises: (d) introducing 

said collected polynucleotides into host cells; (e) dividing the host cells of (d) 
into pools; wherein expression of said target polynucleotide directly or 
indirectly alters a phenotype of said indicator cells; (f) culturing said host cell 
pools in the presence of indicator cells; (g) collecting insert polynucleotides 
from those host cell pools in which said indicator cells exhibit an altered 
phenotype. 

[0204] In further embodiments, the method further comprises repeating steps 

(d)-(g) one or more times, thereby enriching for said target polynucleotide. 

[0205] In further embodiments, the method further comprises purifying said 

collected polynucleotides. 

[0206] In further embodiments, the altered phenotype is the expression of a 

reporter gene product. 

[0207] In further embodiments, the reporter gene product is selected from the 

group consisting of an epitope, cMoramphenicol acetyl transferase (CAT), 
green fluorescent protein (GFP), blue fluorescent protein (BFP), yellow 
fluorescent protein (YFP), red fluorescent protein (RFP), hiciferase and p- 
galactosidase. 

[0208] In further embodiments, the indicator cells are selected from the group 

consisting of: tumor cells, metastatic tumor cells, primary cells, transformed 
primary cells, immortalized primary cells, dividing cells, non dividing cells, 
terminally differentiated cells, pluripotent stem cells, committed progenitor 
cells, uncommitted stem cells, progenitor cells, muscle cells, epithelial cells, 
nervous system cells, circulatory system cells, respiratory system cells, 
endocrine cells, endocrine-associated cells, skeletal system cells, connective 
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tissue cells, musculoskeletal cells, chondrocytes, osteoblasts, osteoclasts, 
myocytes, fully differentiated blood cells, fully differentiated epidermal cells, 
neurons, glial cells, kidney cells, liver cells, muscle cell progenitors, epithelial 
cell progenitors, nervous system cell progenitors, circulatory system cell 
progenitors, respiratory system cell progenitors, endocrine cell progenitors, 
endocrine-associated cell progenitors, skeletal system cell progenitors, 
connective tissue cell progenitors, musculoskeletal cell progenitors, 
chondrocyte progenitors, osteoblast progenitors, osteoclast progenitors, 
myocyte progenitors, blood cell progenitors, epidermal cell progenitors, 
neuron progenitors, glial cell progenitors, kidney cell progenitors, liver cell 
progenitors and any combination thereo£ 

[02091 h* further embodiments, the target polynucleotide alters a phenotype of 

said indicator cells upon exposure of said host cells to an agent. 

[0210J la further embodiments, the agent is selected from the group consisting 

of: a physical agent, a chemical agent, and a biological agent 

[0211] In further embodiments, the physical agent is selected from the group 

consisting of: radiation, UV radiation, gamma radiation, infrared radiation, 
visible light, increased temperature, and decreased temperature. 

[0212] In further embodiments, the chemical agent is selected from the group 

consisting of: a chemotherapeutic agent, a cytotoxic agent, and a DNA 
damaging agent. 

[0213] In further embodiments, the biological agent is selected from the group 

consisting of an antisense construct, an infectious agent, a' therapeutic agent, 
an antibody, a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an epitope, 
and a receptor. 

[0214] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
hapten, an epitope, and a receptor; and wherein said biological agent is 
conjugated to a toxin. 

[0215] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
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hapten, an epitope, and a receptor, and wherein said biological agent is 
labeled. 

[0216] In further embodiments, the biological agent effects cell death by a 

process selected from the group consisting of: CTLrinduced cytotoxicity, 
antibody-dependent cellular cytotoxicity and complement-dependent ■ 
cytotoxicity. 

[0217] In further embodiments, the biological agent comprises a cytotoxic T 

lymphocyte (CTL), wherein said CTL expresses surface CD4, wherein said 
target polynucleotide encodes a polypeptide, and wherein said polypeptide is 
processed and presented in association with a class II major histocompatibility 
molecule (MHC). 

[0218] In further embodiments, expression of said target polynucleotide 

effects a cellular process selected from the group consisting of cellular 
differentiation, growth regulation, cellular proliferation, apoptosis, and 
hormonal response. 

[0219] In further embodiments, the indicator cells are progenitor cells 

comprising a selectable gene product operably associated with a tissue- 
restricted promoter, wherein expression of said target polynucleotide directly 
or indirectly induces transcription of said tissue-restricted promoter, resulting 
in expression of said selectable gene product. 

[0220] In further embodiments, the indicator cell is a RAW cell, and wherein 

the marker gene is operably associated with the TRAP promoter. 

[0221] In further embodiments, the target polynucleotide directly or indirectly 

regulates osteoclast differentiation in said indicator cells. 

[0222] In further embodiments, the indicator cells are non-dividing cells 

comprising a marker gene operably associated with a proliferation-specific 
promoter; wherein expression of said target polynucleotide in said host cells 
directly or indirectly induces transcription of said proliferation-specific 
promoter, resulting in expression of said marker gene. 

[0223] In another embodiment, the invention provides a method of selecting a 

target polynucleotide encoding a secreted product, comprising: (a) 
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introducing into a population of host cells a library of insert polynucleotides; 
wherein at least one of said insert polynucleotides comprises said target 
polynucleotide; and wherein expression of said target polynucleotide directly 
or indirectly alters a phenotype in a population of indicator cells; (b) cuituring 
said pools of host cells in the presence of said indicator cells; and (c) 
collecting insert polynucleotides from those host cell pools in the presence of 
which said selectable gene product is expressed. 

[0224] Id further embodiments, the method further comprises: (d) dividing 

said collected insert polynucleotides into sub-pools; (e) introducing said 
polynucleotide sub-pools into sub-pools of host cells, wherein expression of 
said target polynucleotide and secretion of said product directly or indirectly 
promotes expression of a selectable gene product in a population of indicator 
cells; (f) cuituring said host cell sub-pools in the presence of said indicator 
cells; and (g) collecting insert polynucleotides from those sub-pools of host 
cells in the presence of which said selectable gene product is expressed 

[0225] In another embodiment, the invention provides a method of selecting a 

target polynucleotide encoding a secreted product, comprising: 

(a) introducing into a population of host cells a library of insert 
polynucleotides; wherein at least one of said insert polynucleotides comprises 
the target polynucleotide; and wherein expression of said target polynucleotide 
and secretion of said product directly or indirectly inhibits expression of a 
selectable gene product in a population of indicator cells, said indicator cells 
expressing said selectable gene product upon exposure to an agent; 

(b) cuituring said host cell subpools in the presence of said indicator cells; 

(c) exposing said indicator cells to said agent; and (d) collecting insert 
polynucleotides from those host cell pools in the presence of which said 
selectable gene product is not expressed. 

[0226] In further embodiments, the method further comprises: (e) dividing 

said collected insert polynucleotides into sub-pools; (f) introducing said 
polynucleotide sub-pools into sub-pools of host cells, wherein expression of 
said target polynucleotide and secretion of said product directly or indirectly 
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inhibits expression of a selectable gene product in a population of indicator 
cells, said indicator cells expressing said selectable gene product upon 
exposure to an agent; (g) culturing said host cell sub-pools in the presence of 
said indicator cells; (h) exposing said indicator cells to said agent; and 
(i) collecting insert polynucleotides from those sub-pools of host cells in the 
presence of which said selectable gene product is not expressed. 

[0227] In further embodiments, the method further comprised repeating steps 

(e)-(i) one or more times, thereby enriching for said target polynucleotide. 

[0228] In further embodiments, the method further comprises purifying said 

collected polynucleotides. » 

[0229] In further embodiments, the library of insert polynucleotides is an 

antisense library. 

[0230] In further embodiments, the agent is a member selected from the group 

consisting of: a physical agent, a chemical agent, and a biological agent. 

[0231] In further embodiments, the physical agent is selected from the group 

consisting of: radiation, UV radiation, gamma radiation, infrared radiation, 
visible light, increased temperature, and decreased temperature. 

[0232] In further embodiments, the chemical agent is selected from the group 

consisting of: a chemotherapeutic agent, a cytotoxic agent, and a DNA 
damaging agent 

[0233] In further embodiments, the biological agent is selected from the group 

consisting of an antisense construct, an infectious agent, a therapeutic agent, 
an antibody, a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an epitope, 
and a receptor. 

[0234] In further embodiments, the biological agent is selected from the group 

consisting of: an infectious agent, a therapeutic agent, an antibody, a ligand, a 
hapten, an epitope, and a receptor; and wherein said biological agent is 
conjugated to a toxin. 

[0235] In further embodiments, the biological agent effects cell death by a 

process selected from the group consisting of: CTL-induced cytotoxicity, 
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antibody-dependent cellular cytotoxicity and complement-dependent 
cytotoxicity. 

[0236] In further embodiments, the biological agent comprises a cytotoxic T 

lymphocyte (CTL), wherein said CTL expresses surface CD4, wherein said 
target polynucleotide encodes a polypeptide, and wherein said polypeptide is 
processed and presented in association with a class II major histocompatibility 
molecule (MHQ. 

[0237J In further embodiments, expression of said target polynucleotide 

effects a cellular process selected from the group consisting of cellular 
differentiation, growth regulation, cellular proliferation, apoptosis, and 
hormonal response. 

[0238] la further embodiments, the indicator cells are progenitor cells 

comprising a selectable gene product operably associated with a tissue- 
restricted promoter; wherein expression and secretion of a product encoded by 
said target polynucleotide directly or indirectly inhibits transcription of said 
tissue-restricted promoter, thereby blocking expression of said selectable gene 
product. 

[02391 In further embodiments, the indicator cell is a RAW cell, wherein said 

agent is the RANK ligand (RANKL), and wherein said tissue-restricted 
promoter is the TRAP promoter. 

[0240] In further embodiments, the target polynucleotides expressing a 

secreted product which directly or indirectly regulates osteoclast 
differentiation in indicator cells. 

[0241] In further embodiments, the tissue-restricted promoter is identified by 

gene expression profiling of said indicator cells under different conditions in 
microarrays of ordered cDNA libraries. 

[0242] In further embodiments, the indicator cells are non-dividing cells 

comprising a selectable gene product operably associated with a proliferation- 
specific promoter; and wherein expression and secretion of a product encoded 
by said target polynucleotide directly or indirectly inhibits transcription of said 
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proliferation-specific promoter, thereby blocking expression of said selectable 
gene product 

[0243] In further embodiments, the proliferation-specific promoter is 

identified by gene expression profiling of said indicator cells under different 
conditions in microarrays of ordered cDNA libraries. 

[0244] In further embodiments of each of methods above and herein, the cell 

death may be the result of a cellular effect selected from the group consisting 
of cell lysis, expression of a suicide gene product, a cytotoxic T-lymphocyte 
induced lytic event, apoptosis, loss of viability, loss of membrane integrity, 
loss of structural stability, cell disruption, disruption of cytoskeletal elements, 
inability to maintain membrane potential, arrest of cell cycle, inability to 
generate energy, growth arrest, cytotoxic effects, cytostatic effects, genotoxic 
effects, and growth suppressive effects. 

[0245] In further embodiments of each of methods above and herein, the 

population of host cells is selected from the group consisting of: tumor cells, 
metastatic tumor cells, primary cells, transformed primary cells, immortalized 
primary cells, dividing cells, non dividing cells, terminally differentiated cells, 
pluripotent stem cells, committed progenitor cells, uncommitted stem cells, 
progenitor cells, muscle cells, epithelial cells, nervous system cells, circulatory 
system cells, respiratory system cells, endocrine cells, endocrine-associated 
cells, skeletal system cells, connective tissue cells, musculoskeletal cells, 
chondrocytes, osteoblasts, osteoclasts, myocytes, fully differentiated blood 
cells, fully differentiated epidermal cells, neurons, glial cells, kidney cells, 
liver cells, muscle cell progenitors, epithelial cell progenitors, nervous system 
cell progenitors, circulatory system cell progenitors, respiratory system cell 
progenitors, endocrine cell progenitors, endocrine-associated cell progenitors, 
skeletal system cell progenitors, connective tissue cell progenitors, 
musculoskeletal cell progenitors, chondrocyte progenitors, osteoblast 
progenitors, osteoclast progenitors, myocyte progenitors, blood cell 
progenitors, epidermal cell progenitors, neuron progenitors, glial cell 
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progenitors, kidney cell progenitors, liver cell progenitors and any 
combination thereof. 

[0246] In further embodiments of each of methods above and herein, the solid 
support is selected from the group consisting of: tissue culture plastic, glass, 
polystyrene, polypropylene, polyethylene, dextran, nylon, amylases, natural 
and modified celluloses, polyacrylamides, gabbros, magnetite, soluble 
material, partially soluble material, insoluble material, magnetic material, and 
nonmagnetic material. 

[02471 In further embodiments of each of methods above and herein, the solid 

support has a structure selected from the group consisting of: spherical, bead- 
like, bead, cylindrical, test tube-like, tube-like, tube, rod-like, rod, flat, sheet- 
like, sheet, test strip, strip-like, strip, bead, microbead, well, plate, tissue 
culture plate, petri plate, microplate, microtiter plate, flask, stick, vial, and 
paddle. 

[0248] In further embodiments of each of methods above and herein, the 

library of insert polynucleotides is selected from the group consisting of: a 
cDNA library, a genomic library, a combinatorial polynucleotide library, a 
library of natural polynucleotides, a library of artificial polynucleotides, a 
library of polynucleotides endogenous to the host cells, a library of 
polynucleotides exogenous to the host cells, an antisense library, and any 
combination thereof. 

[0249] In further embodiments of each of methods above and herein, the 

library of insert polynucleotides is constructed in said eukaryotic virus vector 
by a method comprising: (a) providing host cells comprising a linear DNA 
. virus genome which has been cleaved to produce a first viral fragment and a 
second viral fragment, wherein said first fragment is nonhomologous with said 
second fragment; (b) providing a population of transfer plasmids comprising 
said insert polynucleotides in operable association with a vector transcriptional 
control region, a 5 1 flanking region, and a 3* flanking region; wherein said 5 1 
flanking region is homologous to said first viral fragment and said 3 1 flanking 
region is homologous to said second viral fragment; and wherein said transfer 
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plasmids are capable of homologous recombination with said first and second 
viral fragments such that a viable virus genome is formed; (c) introducing 
said transfer plasmids into said host cells under conditions wherein a transfer 
plasmid and said first and second viral fragments undergo in vivo homologous 
recombination, thereby producing a viable modified vims genome comprising 
an insert polynucleotide; and (d) collecting said modified virus genome. 
[02501 In further embodiments of each of methods above and herein, the first 

and second viral fragments are produced by infecting said host cells with a 
virus comprising said linear DNA virus genome, and wherein said virus 
genome is cleaved in vivo. 
[0251] In further embodiments of each of methods above and herein, the first 

and second viral fragments are produced by cleaving an isolated linear DNA 
virus genome in vitro, and wherein said first and second viral fragments are 
introduced into said host cells. 
[0252] In further embodiments of each of methods above and herein, the virus 

genome comprises a first recognition site for a first restriction endonuclease; 
. and wherein said first and second viral fragments are produced by digesting 
said viral genome with said first restriction endonuclease, and isolating said 
first and second viral fragments. 
[0253] In further embodiments of each of methods above and herein, the virus 

genome further comprises a second recognition site for a second restriction 
endonuclease; and wherein said first and second viral fragments are produced 
by digesting said viral genome with said first restriction endonuclease and said 
second restriction endonuclease, and isolating said first and second viral 
fragments. 

[0254] In further embodiments of each of methods above and herein, the first 

and second recognition sites are physically arranged in said genome such that 
the region extending between said first and second viral fragments is not 
essential for virus infectivity. 

[0255] In further embodiments of each of methods above and herein, the 

modified virus genome is packaged in an infectious viral particle. 
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[0256] In further embodiments of each of methods above and herein, the 

modified virus genome is defective in an essential gene, and said host cell 

comprises a complementing copy of said essential gene. 
[0257] In further embodiments of each of methods above and herein, the 

complementing copy of said essential gene is operably associated with an 

inducible promoter. 

[0258] In further embodiments of each of methods above and herein, the 

inducible promoter is selected from the group consisting of: a differentiation- 
induced promoter, a cell type-restricted promoter, a tissue-restricted promoter, 
a temporally-regulated promoter, a spatially-regulated promoter, a 
proliferation-induced promoter, a cell-cycle specific promoter. 

[0259] La further embodiments of each of methods above and herein, the 

linear DNA virus genome is a herpes virus genome. 

[0260] In further embodiments of each of methods above and herein, the 

linear DNA virus genome is an adenovirus genome. 

[0261] In further embodiments of each of methods above and herein, the 

linear DNA virus genome is a poxvirus genome. 

[0262] In further embodiments of each of methods above and herein, the 

poxvirus genome is a vaccinia virus genome. 

[0263] In further embodiments of each of methods above and herein, the 

transfer plasmid and said first and second viral fragments are introduced into a 
host cell comprising a helper virus, wherein said host cell is non-permissive 
for the production of infectious virus particles of said helper virus. 

[0264] In further embodiments of each of methods above and herein, the 

helper virus is an avipoxvirus. 

[0265] In further embodiments of each of methods above and herein, the 

helper virus is a fowlpox virus. 

[0266] In further embodiments of each of methods above and herein, the 5 1 

and 3' flanking regions of said transfer plasmids are capable of homologous 
recombination with a vaccinia virus thymidine kinase gene. 
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[0267J In further embodiments of each of methods above and herein, the 5' 

and 3* flanking regions of said transfer plasmids are capable of homologous 
recombination with a vaccinia virus Hindin J fragment. 

[02681 In further embodiments of each of methods above and herein, the 

transfer plasmid comprises an insert polynucleotide operably associated with a 
promoter selected from the group consisting of a vaccinia virus p7.5 promoter, 
. a synthetic early/late promoter, and a vaccinia virus MH5 early/late promoter. 

[02691 In further embodiments of each of methods above and herein, the 
transfer plasmid comprises the sequence shown in SEQ ID NO: . 

[0270] In further embodiments of each of methods above and herein, the 

library of polynucleotides is constructed in a eukaryotic virus vector. 

[0271] In further embodiments of each of methods above and herein, the host 

cells are infected with said library at an MOI selected from the group 
consisting of: from about 1 to about 10, about 1 to about 5, 1 to about 2, about 
2, and about L 

[02721 In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is an animal virus vector. 
[0273] In further embodiments of each of methods above and herein, wherein 

said eukaryotic virus vector is a plant virus vector. 
[0274] In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is capable of producing infectious viral particles in 

cells selected from the group consisting of insect cells, plant cells, and 

mammalian cells. 

[0275] In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is attenuated. 
[0276] In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is capable of producing infectious viral particles in 

mammalian cells. 

[0277] In further embodiments of each of methods above and herein, the 

attenuation is by genetic mutation. 
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[0278] Id further embodiments of each of methods above and herein, the 

attenuation is by reversible inhibition of virus replication. 

[0279] In further embodiments of each of methods above and herein, the 

naturally-occurring genome of said eukaryotic virus vector is DNA. 

[0280] In further embodiments of each of methods above and herein, the 

naturally-occurring genome of said eukaryotic virus vector is linear, double- 
stranded DNA. 

[0281] In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is selected from the group consisting of an adenovirus 

vector, a herpesvirus vector and a poxvirus vector. 
[0282] In further embodiments of each of methods above and herein, the 

eukaryotic virus vector is a poxvirus vector. 
[0283] In further embodiments of each of methods above and herein, the 

poxvirus vector is selected from the group consisting of an orthopoxvirus 

Vector, an avipoxvirus vector, a capripoxvirus vector, a leporipoxvirus vector, 

and a suipoxvirus vector. 
[0284] In further embodiments of each of methods above and herein, the 

poxvirus vector is an orthopoxvirus vector selected from the group consisting 

of a vaccinia virus vector and a raccoon poxvirus vector. 
[0285] In further embodiments of each of methods above and herein, the 

orthopoxvirus vector is a vaccinia virus vector. 
[0286] In further embodiments of each of methods above and herein, the host 

cells are permissive for the production of infectious viral particles of said 

virus. 

[0287] In further embodiments of each of methods above and herein, the 

vaccinia virus is attenuated. 
[0288] In further embodiments of each of methods above and herein, the 

attenuation is by genetic mutation. 
[0289] In further embodiments of each of methods above and herein, the 

attenuation is by reversible inhibition of virus replication. 



WO 2004/037993 



PCT/US2003/033557 



-48- 

[0290] In further embodiments of each of methods above and herein, the 

vaccinia virus vector is derived from strain MVA. 
[0291] In further embodiments of each of methods above and herein, the 

vaccinia virus vector is derived from strain D4R. 
[0292] In further embodiments of each of methods above and herein, the insert 

polynucleotide is in operable associated with a transcriptional control 

sequence. 

[0293] In further embodiments of each of methods above and herein, the 

transcriptional control sequence functions in the cytoplasm of a poxvirus- 
infected cell. 

[0294] In further embodiments of each of methods above and herein, the 

transcriptional control sequence comprises a promoter. 
[0295] In further embodiments of each of methods above and herein, the 

promoter is constitutive. 
[0296] In further embodiments of each of methods above and herein, the 

promoter is a vaccinia virus p7.5 promoter. 
[0297] In further embodiments of each of methods above and herein, the 

promoter is a T7 promoter. 
[0298] In further embodiments of each of methods above and herein, the 

vector comprises the sequence shown in SEQ ID NO: . 

[0299] In further embodiments of each of methods above and herein, the 

promoter is a synthetic early/late promoter. 
[0300] In further embodiments of each of methods above and herein, the 

vector comprises the sequence shown in SEQ ID NO: . 

[0301] In further embodiments of each of methods above and herein, the 

transcriptional control sequence comprises a transcriptional termination 

region. 

Vaccinia Virus and Other Poxviruses 
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[0302] "Poxvirus" includes any member of the family Poxviridae, including 

the subfamililes Chordopoxviridae (vertebrate poxviruses) and 
Entomopoxviridae (insect poxviruses). See, for example, B. Moss in: Virology, 
B.N. Fields, D.M. Knipe et al 9 Eds., Raven Press, p. 2080 (1990). The 
chordopoxviruses comprise, inter alia, the following genera: Orthopoxvirus 
(e.g., vaccinia); Avipoxvirus (e.g., fowlpox); Capripoxvirus (e.g, sheeppox) 
Leporipoxvirus (e.g., rabbit (Shope) fibroma, and myxoma); and Suipoxvirus 
(e.g., swinepox). The entomopoxviruses comprise three genera: A, B and C. 

[0303] In the present invention, orthopoxviruses are preferred Vaccinia virus 

is the prototype orthopoxvirus, and has been developed and is well- 
characterized as a vector for the expression of heterologous proteins. In the 
present invention, vaccinia virus vectors, particularly those that have been 
developed to perform trimolecular recombination, are preferred. However, 
other orthopoxviruses, in particular, raccoon poxvirus have also been 
developed as vectors and in some applications, have superior qualities. 

[0304] Vaccinia virus, like other members of the pox virus group, is 

distinguished by its large size and complexity. The DNA of vaccinia virus is 
similarly large and complex. Vaccinia DNA is about 180 kilodaltons in size, 
for instance, compared with a DNA size of only 3.6 megadaltons for simian 
virus 40 (SV40). The DNA molecule of vaccinia is double-stranded and 
terminally crosslinked so that a single stranded circle is formed upon 
denaturation of the DNA. Vaccinia DNA has been physically mapped using a 
number of different restriction enzymes and a number of such maps are 
presented in an article by Panicali et al, 7. Virol 37:1000-1010 (1981) which 
reports the existence of two major DNA variants of the WR strain of vaccinia 
virus (ATCC No. VR 119), which strain has been most widely used for the 
investigation and characterization of pox viruses. The two variants differ in 
that the S ("small") variant (ATCC No. VR 2034) has a 6.3 megadalton 
deletion not occurring in the DNA of the L ("large") variant (ATCC No. VR 
2035). Maps obtained by treatment of the variants with the restriction enzymes 
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Hind m, Ava I, Xho I, Sst I, and Sma I are presented in the aforementioned 
article. 

[0305] Vaccinia, a eukaryotic virus, reproduces entirely within the cytoplasm 

of a host cell. It is a lytic virus, i.e. a virus, the replication of which in a cell 
results in lysis of the cell. The virus is considered non-oncogenic. The vims 
has been used for approximately 200 years in vaccines for inoculation against 
smallpox and the medical profession is well acquainted with the properties of 
the virus when used in a vaccine. 

[0306] Concerning the structure of the vaccinia genome, the cross-linked 

double strands of the DNA are characterized by inverted terminal repeats each 
approximately 8.6 megadaltons in length, representing about 10 kilobasepairs 
(kbp). Since the central portions of the DNA of all pox viruses are similar, 
while the terminal portions of the viruses differ more strongly, the 
responsibility of the central portion for functions common to all the viruses, 
such as replication, is suggested, whereas the terminal portions appear 
responsible for other characteristics such as pathogenicity, host range, etc. If 
such a genome is to be modified by the rearrangement or removal of DNA 
fragments therefrom or the introduction of exogenous DNA fragments 
thereinto, while producing a stable viable mutant, the portion of the naturally- 
occurring DNA which is rearranged, removed, or disrupted by the introduction 
of exogenous DNA thereinto must be non-essential to the viability and 
stability of the vaccinia virus. Such non-essential portions of the genome have 
been found to be present in the WR strain of vaccinia virus, for instance within 
the region present within the Invariant but deleted from the S-variant or within 
the Hind HI F-fragment of the genome. See, for example, Paoletti et al y U.S. 
5,972,597. 

[0307] Attenuated and Defective Viral Vectors Such As Vaccinia Virus. A 

limitation of wild type vaccinia virus as an expression vector for lethality 
based selection is that the virus has cytopathic effects in many mammalian 
cells. The kinetics of these effects is very dependent on the host cells. For 
many tissue culture lines, cytopathic effects that result in release from a 
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monolayer are not significant until well after 48 to 72 hours infection. This 
allows a 2 to 3 day time frame for high level expression of recombinant genes 
and selection of a non-viable or non-adherent phenotype independent of the 
intrinsic cytopathic effects of the vector. This has been shown to be adequate 
for immunoselection, and, because of the toxicity of suicide gene constructs, is 
expected to be adequate for studies of genes that regulate differentiation in 
many but not necessarily all cell types. There is, therefore, a need for a pox 
virus vector with attenuated cytopathic effects so that, wherever necessary, the 
time frame of selection can be extended. 

[0308] For example, certain attenuations are achieved through genetic 

mutation. Many vaccinia virus mutants have been characterized. These may 
be fully defective mutants, i.e. 9 the production of infectious virus particles 
requires helper virus, or they may be conditional mutants, e.g., temperature 
sensitive mutants. Conditional mutants are particularly preferred, in that the 
virus-infected host cells can be maintained in a non-permissive environment, 
eg., at a nonrpermissive temperature, during the period where host gene 
expression is required, and then shifted to a permissive environment, a 
permissive temperature, to allow virus particles to be produced. Alternatively, 
a fully infectious virus may be "attenuated" by chemical inhibitors which 
reversibly block virus replication at defined points in the infection cycle. 
Chemical inhibitors include, but are not limited to hydroxyurea and 5- 
fluorodeoxyuridine. Virus-infected host cells are maintained in the chemical 
inhibitor during the period where host gene expression is required, and then 
the chemical inhibitor is removed to allow virus particles to be produced. 

[0309] Modified Vaccinia Ankara (MVA) is a highly attenuated strain of 

vaccinia virus that was derived during over 570 passages in primary chick 
embryo fibroblasts (Mayr, A. et aL, Infection 3:6-14 (1975)). The recovered 
virus deleted approximately 15% of the wild type vaccinia DNA which 
profoundly affects the host range restriction of the virus. MVA cannot 
replicate or replicates very inefficiently in most mammalian cell lines. A 
unique feature of the host range restriction is that the block in non-permissive 
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cells occurs at a relatively late stage of the replication cycle. Expression of 
viral late genes is relatively unimpaired but virion morphogenesis is 
interrupted (Suter, G. and Moss, B., Proc Natl Acad Sci USA SP:10847-10851 
(1992); Carroll, M.W. and Moss, B., Virology 235:198-211 (1997)). The high 
levels of viral protein synthesis even in non-permissive host cells make MVA 
an especially safe and efficient expression vector. However, because MVA 
cannot complete the infectious cycle in most mammalian cells, in order to 
recover infectious virus for multiple cycles of selection it will be necessary to 
complement the MVA deficiency by coinfection or superinfection with a 
helper virus that is itself deficient and that can be subsequently separated from 
infectious MVA recombinants by differential expansion at low MOI in MVA 
permissive host cells. 

[0310] As an alternative to MVA, some strains of vaccinia virus that are 

deficient in an essential early gene have been shown to have greatly reduced 
inhibitory effects on host cell protein synthesis. Attenuated poxviruses which 
lack defined essential early genes have also been described. See, e.g., U.S. 
Patent No. 5,766,882, by Falkner, et ah Examples of essential early genes 
which may be rendered defective include, but are not limited to the vaccinia 
virus 17L, F18R, D13L, D6R, A8L, J1R, E7L, F11L, E4L, I1L, J3R, J4R, 
H7R, and A6R genes. A preferred essential early gene to render defective is 
the D4R gene, which encodes a uracil DNA glycosylase enzyme. 

[0311] Vaccinia viruses defective in defined essential genes are easily 

propagated in complementing cell lines which provides the essential gene 
product. As used herein, the term "complementation" refers to a restoration of 
a lost function in trans by another source, such as a host cell, transgenic animal 
or helper virus. The loss of function is caused by loss by the defective vims of 
the gene product responsible for the function. Thus, a defective poxvirus is a 
non-viable form of a parental poxvirus, and is a form that can become viable 
in the presence of complementation. The host cell, transgenic animal or helper, 
virus contains the sequence encoding the lost gene product, or 
"complementation element." The complementation element should be 
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expressible and stably integrated in the host cell, transgenic animal or helper 
virus, and preferably would be subject to little or no risk for recombination 
with the genome of the defective poxvirus. 

[0312] Viruses produced in the complementing cell line are capable of - 
infecting non-complementing cells, and further are capable of high-level 
expression of early gene products. However, in the absence of the essential 
gene product, host shut-off, DNA replication, packaging, and production of 
infectious virus particles do not take place. 

[0313] In particularly preferred embodiments described herein, selection of 

desired insert polynucleotides expressed in a complex library constructed in 
vaccinia virus is accomplished through coupling induction of expression of the 
complementation element to expression of the insert polynucleotide. Since the 
complementation element is only expressed in those host cells expressing the 
insert polynucleotide, only those host cells will produce infectious virus which 
is easily recovered 

[0314] In another preferred aspect, inactivation of the library constructed in a 

virus vector is carried out by treating a sample of the library constructed in a 
virus vector with 4-aminomethyl-trioxsalen (psoralen) and then exposing the 
virus vector to ultraviolet (UV) light Psoralen and UV inactivation of viruses 
is well known to those of ordinary skill in the art See, e.g. 9 Tsung, K, et al, 
J. Virol 70:165-171 (1996), which is incorporated herein by reference in its 
entirety. 

[0315] Psoralen treatment typically comprises incubating a cell-free sample of 

the virus vector with a concentration of psoralen ranging from about 0.1 
Hg/ml to about 20 ng/ml, preferably about 1 jig/ml to about 17.5 ng/ml, about 
2.5 fig/ml to about 15 ng/ml, about 5 |xg/ml to about 12.5 ng/ml, about 7.5 
jig/foil to about 12.5 ng/ml, or about 9 ng/ml to about 11 ng/mL Accordingly, 
the concentration of psoralen may be about 0.1 tig/ml, 0.5 |ig/ml,l ng/ml, 2 
pgfaal, 3 ng/ml, 4 ng/ml, 5 yg/ml, 6 fig/ml, 7 fig/ml, 8 ng/ml, 9 jug/ml, 10 
jigfaal, 11 jig/ml, 12 jig/ml, 13 ng/ml, 14 jig/ml, 15 *ig/ml, 16 ng/ml, 17 
jig/ml, 18 jig/ml, 19 *ig/ml, or 20 ng/mL Preferably, the concentration of 
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psoralen is about 10 ng/ml. As used herein, the term "about" takes into 
account that measurements of time, chemical concentration, temperature, pH, 
and other factors typically measured in a laboratory or production facility are 
never exact, and may vary by a given amount based on the type of 
measurement and the instrumentation used to make the measurement. 
[0316] The incubation with psoralen is typically carried out for a period of 

time prior to UV exposure. This time period preferably ranges from about one 
minute to about 20 minutes prior to the UV exposure. Preferably, the time 
period ranges from about 2 minutes to about 19 minutes, from about 3 minutes 
to about 18 minutes, from about 4 minutes to about 17 minutes, from about 5 
minutes to about 16 minutes, from about 6 minutes to about 15 minutes, from 
about 7 minutes to about 14 minutes, from about 8 minutes to about 13 
minutes, or from about 9 minutes to about 12 minutes. Accordingly, the 
incubation time may be about 1 minute, about 2 minutes, about three minutes, 
about 4 minutes, about 5 minutes, about 6 minutes, about 7 minutes, about 8 
minutes, about 9 minutes, about 10 minutes, about 11 minutes, about 12 
minutes, about 13 minutes, about 14 minutes, about 15 minutes, about 16 
minutes, about 17 minutes, about 18 minutes, about 19 minutes, or about 20 
minutes. More preferably, the incubation is carried out for 10 minutes prior to 
the UV exposure. 

[0317] The psoralen-treated viruses are then exposed to UV light. The UV 

may be of any wavelength, but is preferably long-wave UV light, e.g. 9 about 
365 nm. Exposure to UV is carried out for a time period ranging from about 
0.1 minute to about 20 minutes. Preferably, the time period ranges from about 
0.2 minute to about 19 minutes, from about 0.3 minute to about 18 minutes, 
from about 0.4 minute to about 17 minutes, from about 0.5 minute to about 16 
minutes, from about 0.6 minute to about 15 minutes, from about 0.7 minute to 
about 14 minutes, from about0.8 minute to about 13 minutes, from about 0.9 
minute to about 12 minutes from about 1 minute to about 11 minutes, from 
about 2 minutes to about 10 minutes, from about 2.5 minutes to about 9 
minutes, from about 3 minutes to about 8 minutes, from about 4 minutes to 
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about 7 minutes, or from about 4.5 minutes to about 6 minutes. Accordingly, 
the incubation time may be about 0.1 minute, about 0.5 minute, about 1 
minute, about 2 minutes, about three minutes, about 4 minutes, about 5 
minutes, about 6 minutes, about 7 minutes, about 8 minutes, about 9 minutes, 
about 10 minutes, about 11 minutes, about 12 minutes, about 13 minutes, 
about 14 minutes, about 15 minutes, about 16 minutes, about 17 minutes, 
about 18 minutes, about 19 minutes, or about 20 minutes. More preferably, 
the virus vector is exposed to UV light for a period of about 5 minutes. 
[0318] The terms "vaccinia virus" and "poxvirus" are used interchangeably 

herein. The preferred embodiments relating to vaccinia virus may be modified 
in ways apparent to one of ordinary skill in the art for use with any poxvirus 
vector. In the direct selection method, vectors other than poxvirus or vaccinia 
virus may be used. 

The Tri-Molecular Recombination Method 

[03191 Vaccinia virus vectors are not currently used to identify previously 

unknown genes of interest from a complex population of clones, such as a 
cDNA or other library, because a high efficiency, high titer-producing method 
of cloning does not exist for vaccinia. The standard methods of cloning in 
vaccinia virus are in vivo homologous recombination and in vitro direct 
ligation. Using homologous recombination, the cloning efficiency is in the 
range of approximately 0.1% or less, and although the cloning efficiency using 
direct ligation is higher, the resulting titer is relatively low. Thus, the use of 
vaccinia virus vector has been limited to the cloning of previously isolated 
DNA for the purposes of protein expression and vaccine development. 

[0320] Tri-molecular recombination is a novel, high efficiency, high titer- 

producing method for cloning in vaccinia virus. Using the tri-molecular 
recombination method, the present inventor has achieved cloning efficiencies 
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of at least 90%, and titers at least 30-fold, at 100-fold, i.e., at least 2 orders of 
magnitude higher, than those obtained by direct ligation. 
[0321] Thus, In some embodiments, the invention provides a method of high 

efficiency cloning using a vaccinia virus vector, comprising tri-molecular 
recombination. 

[0322] By "tri-molecular recombination 11 or a "tri-molecular recombination 

method" is meant a method of producing a vaccinia virus genome which 
contains insert polynucleotide (e.g. insert DNA), comprising introducing two 
nonhomologous fragments of a vaccinia virus genome and a transfer vector or 
transfer polynucleotide (e.g. transfer DNA) containing insert polynucleotide 
(e.g. DNA) into a recipient cell, and allowing the three polynucleotide (e.g. 
DNA) molecules to recombine in vivo. As a result of the recombination, a 
single vaccinia virus genome molecule is produced which comprises each of 
the two vaccinia genome fragments and the insert polynucleotide (e.g. DNA). 

[0323] Thus, the tri-molecular recombination method comprises: (a) providing 

a recipient cell which comprises packaging function; (b) introducing into the 
cell (i) transfer vector or transfer polynucleotide (e.g. DNA), and (ii) two 
fragments of vaccinia virus genome; and (c) culturing the cells under 
conditions such that the transfer polynucleotide (e.g. DNA) and the two 
fragments undergo trimolecular recombination. 

[0324] By "cloning" is meant the use of in vitro and in vivo recombination 

techniques to insert one or a plurality of polynucleotide sequences into a 
vector. In order to successfully clone a polynucleotide, it is often necessary to 
employ methods for generating polynucleotide fragments, for joining the 
fragments to vector molecules, for introducing the composite polynucleotide 
molecule into a host cell in which it can replicate, and for selecting the clone 
having a polynucleotide insert, for example by virtue of a resistance marker 
such as thymidine kinase" (tk"), from among the cells containing either no 
vector or vector alone without an insert. Such methods are well known in the 
art, and include the methods described herein. 



WO 2004/037993 



PCT/US2003/033557 



-57- 

[0325] By "cloning efficiency" or "efficiency of cloning" is meant the ratio of 
recombinant virus to total virus produced during tri-molecular recombination. 
As shown in Example 2, the efficiency may be calculated by dividing the titer 
of recombinant virus by the titer of total virus and multiplying by 100%. For 
example, the titer is determined by plaque assay of crude virus stock on 
appropriate cells either with selection (e.g., for recombinant virus) or without 
selection (e;g., for recombinant virus plus wild type virus). Methods of 
selection are well-known in the art and include BrdU resistance due to 
disruption of the tk gene as described herein and other well-known methods. 
See Examples 1 and 2. 

[0326] By "high efficiency cloning" is meant a cloning efficiency of at least 

1%, and more preferably a cloning efficiency of at least 2%, 2.264%, 3%, 
3.5%, 3.571%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 
90%, 95%, or 99%. 

[0327] A number of selection systems may be used, including but not limited 

to the thymidine kinase such as herpes simplex virus thymidine kinase 
(Wigler, et al, Cell 11:223 (1977)), hypoxanthine-guanine 
phosphoribosyltransferase (Szybalska & Szybalski, Proa Natl Acad. Sci. USA 
48:2026 (1962)), and adenine phosphoribosyltransferase (Lowy, et al, Cell 
22:817 (1980)) genes which can be employed in tk", hgprt" or aprt' cells, 
respectively. Also, antimetabolite resistance can be used as the basis of 
selection for the following genes: dhfr, which confers resistance to 
methotrexate (Wigler, et al t Natl Acad. Sci. USA 77:3567 (1980); OHare, et 
al, Proc. Natl Acad. Sci. USA 75:1527 (1981)); gpt, which confers resistance 
to mycophenolic acid (Mulligan & Berg, Proc. Natl Acad. Sci. USA 75:2072 
(1981)); neo, which confers resistance to the aminoglycoside G-418 (Colberre- 
Garapin, et al, J. Mol. Biol. 150:1 (1981)); and hygro, which confers 
resistance to hygromycin (Santerre, et al, Gene 30: 147 (1984)). , 

[0328] Together, the two fragments or arms of the vaccinia virus genome 

contain all the genes necessary for viral replication and for production of 
infectious viral particles. See the Examples for examples of structures of 
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vaccinia virus vector useful in the trimolecular recombination method. 
Preferred structures are presented in Examples 1 and 2. See Falkner et aL, 
U.S. 5,770,212 for guidance concerning essential regions for vaccinia 
replication. 

[0329] However, naked vaccinia genomic DNA cannot produce infectious 

progeny without virus-encoded protein protein(s)/function(s) associated with 
the incoming viral particle. The virus-encoded function, also referred to as 
"packaging function," includes an RNA polymerase that recognizes the 
transfected vaccinia DNA as a template and initiates transcription and, 
ultimately, replication of the transfected DNA. See Dorner, et ah U.S. 
5,445,953. 

[0330] Thus, to produce infectious progeny virus, the recipient cell preferably 

contains packaging function. The packaging function may be provided by 
helper virus, i.e.> a virus that, together with the transfected naked genomic 
DNA, provides appropriate proteins and factors necessary for replication and 
assembly of progeny virus. 

[0331] The helper virus may be a closely related virus, for instance, a poxvirus 

of the same poxvirus subfamily as vaccinia, whether from the same or a 
different genus. In such a case it is advantageous to select a helper virus 
which provides an RNA polymerase that recognizes the transfected DNA as a 
template and thereby serves to initiate transcription and, ultimately, replication 
of the transfected DNA. The use of a heterologous virus to package the 
modified DNA molecule, such as the use of temperature sensitive (ts) 
vaccinia, fowlpox, or ectromelia (mouse pox) virus as a helper for vaccinia 
virus constructs, minimizes recombination events between the helper virus 
genome and the transfected genome which take place when homologous 
sequences of closely related viruses are present in one cell. See Fenner & 
Comben, Virology 5:530 (1958); Fenner, Virology 5:499 (1959). 

[0332] Alternatively, the necessary packaging function in the recipient cell is 

supplied by a genetic element other than a helper virus, such as a plasmid or 
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retrovirus or other expression vector suitable for expressing the required 
helper virus function. See Dorner , et al U.S. 5,445,953. 
[0333] The two vaccinia genomic fragments are unable to ligate with each 

other, Le., they do not contain compatible cohesive ends or alternatively, they 
have been treated with a dephosphorylating enzyme. Further, the two 
fragments are nonhomologous, such that they are unable to recombine with 
one another. 

[0334] By "insert polynucleotide" (e.g. "insert DNA") is meant one or more 

polynucleotide segments. Polynucleotides are also referred to herein as 
nucleic acid. An insert polynucleotide may be DNA. A polynucleotide (e.g. 
DNA) segment may be naturally occurring, non naturally occurring, synthetic, 
or a combination thereof. A polynucleotide (e.g. DNA) segment may be any 
length. It may be endogenous or exogenous to the vector, such as vaccinia 
virus, or it may be endogenous or exogenous to the host cell, it may be a 
previously known sequence or an unknown sequence. It may be a gene, a 
cDNA, a combinatorial sequence, etc. Insert polynucleotides may also be 
referred to herein by the term "candidate polynucleotides" or "test 
polynucleotides" or other equivalents, especially in reference to selection 
methods of the invention. 

[0335] By "transfer plasmid" is meant a vector containing insert 

polynucleotide (e.g. DNA) positioned between a 5* flanking region and a 3' 
flanking region. The 5* flanking region shares homology with one of the 
vaccinia genome fragments, and the 3' flanking region shares homology with 
the other of the vaccinia genome fragments. Preferably, the transfer plasmid 
contains a suitable promoter, such as a strong, constitutive vaccinia promoter, 
upstream of the insert DNA. The term "vector" means a polynucleotide (e.g. 
DNA) construct containing a polynucleotide (e.g. DNA) sequence which is 
operably linked to a suitable control sequence capable of effecting the 
expression of the polynucleotide (e.g. DNA) in a suitable host. Such control 
sequences include a promoter to effect transcription, an optional operator 
sequence to control such transcription, a sequence encoding suitable mRNA 
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ribosome binding sites, sequences which control the termination of 
transcription and translation, and other control sequences as are well known in 
the art. The vector may be a plasmid, a phage particle, or simply a potential 
genomic insert. Once transformed into a suitable host, the vector may 
replicate and function independently of the host genome, or may in some 
instances, integrate into the genome itself. In the present specification, 
"plasmid" and "vector" are sometimes used interchangeably. However, the 
invention is intended to include such other form of vector which serves 
equivalent function as and which are, or become, known in the art. Typical 
expression vectors for mammalian cell culture expression, for example, are 
based on pRK5 (EP 307,247), pSV16B (WO 91/08291) and pVL1392 
(Phanningen). 

[0336] However, transfer plasmid is not limited to a vector or a plasmid. Any 

polynucleotide (e.g. DNA) segment in circular or linear or other suitable form 
may act as a vehicle for transferring the polynucleotide (e.g. DNA) insert to 
the vaccinia vector in the tri-molecular recombination method. Other suitable 
"plasmids" include lambda phage, polynucleotide (e.g. DNA) fragments, etc., 
as described herein or otherwise known in the art A plurality of plasmids 
maybe a "primary library" such as those described herein for lambda. 

[0337] Preferably, the insert polynucleotides are operably associated with T7 

or poxvirus expression control sequences, more preferably, strong constitutive 
poxvirus promoters. 

[0338] Nucleic acid is "operably associated" when it is placed into a 

functional relationship with another nucleic acid sequence. This can be a gene 
and a regulatory sequence(s) which are connected in such a way as to permit 
gene expression when the appropriate molecules (e.g., transcriptional activator 
proteins) are bound to the regulatory sequences(s). For example, DNA for a 
presequence or secretory leader is operably linked to DNA for a polypeptide if 
it is expressed as a preprotein that participates in the secretion of the 
polypeptide; a promoter or enhancer is operably linked to a coding sequence if 
it affects the transcription of the sequence; or a ribosome binding site is 
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operably linked to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a coding sequence if 
it is positioned so as to facilitate translation. Generally, "operably associated" 
means that the polynucleotide (e.g. DNA) sequences being linked are 
contiguous, and, in the case of a secretory leader, contiguous and in reading 
phase. However, enhancers do not have to be contiguous. Linking is 
accomplished by ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used in accordance 
with conventional practice. 
[03391 By "control sequences" is meant polynucleotide (e.g. DNA) sequences 

necessary for the expression of an operably associated coding sequence in a 
particular host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, 
and a ribosome binding site. Eukaryotic cells are known to utilize promoters, 
polyadenylation signals, and enhancers. For a library cloned in a poxvirus 
vector, preferably, if the control sequence is a transcriptional control sequence, 
it is one which functions in the cytoplasm of a poxvirus-infected cell. 
[0340] Poxvirus transcriptional control sequences comprise a promoter and a 

transcription termination signal. Gene expression in poxviruses is temporally 
regulated, and promoters for early, intermediate, and late genes possess 
different structures. Certain poxvirus genes are expressed constitutively (i.e., 
early to late), and promoters for these "early-late" genes bear hybrid structures. 
Synthetic early-late promoters have also been developed. See Hammond J.M., 
et al, X Virol Methods 56:135-138 (1997); Chakrabarti S., et al 9 
Bioteckniques 23:1094-1097 (1997). In the present invention, any poxvirus 
promoter may be used, but use of early, late, or constitutive promoters may be 
desirable based on the host cell and/or selection scheme chosen. Typically, 
the use of constitutive promoters is preferred. 
[0341] Examples of early promoters include the 7.5-kD promoter (also a late 

promoter), the DNA pol promoter, the tk promoter, the RNA pol promoter, the 
19-kD promoter, the 22-kD promoter, the 42-kD promoter, the 37-kD 
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promoter, the 87-kD promoter, the H3' promoter, the H6 promoter, the Dl 
promoter, the D4- promoter, the D5 promoter, the D9 promoter, the D12 
promoter, the 13 promoter, the Ml promoter, and the N2 promoter. See, e.g. y 
Moss, ,B., "Poxviridae and their Replication" IN Virology, 2d Edition, B.N. 
Fields, DM. Knipe et al, Eds., Raven Press, p. 2088 (1990). Early genes 
transcribed in vaccinia virus and other poxviruses recognize the transcription 
termination signal TTTTTNT, where N can be any nucleotide. Transcription 
normally terminates approximately 50 bp upstream of this signal. 
Accordingly, if heterologous genes are to be expressed from poxvirus early 
promoters, care must be taken to eliminate occurrences of this signal in the 
coding regions for those genes. See, e.g., Earl, P.L., et al, J. Virol 64:2448- 
51 (1990). 

[0342] Example of late promoters include the 7.5-kD promoter, the MIL 

promoter, the 37-kD promoter, the lt-kD promoter, the 11L promoter, the 
12L promoter, the 13L promoter, the 15L promoter, the 17L promoter, the 28- 
kD promoter, the H1L promoter* the H3L promoter, the H5L promoter, the 
H6L promoter, the H8L promoter, the DHL promoter, the D12L promotor, 
the D13L promoter, the AIL promoter, the A2L promoter, the A3L promoter, 
and the P4b promoter. See, e.g., Moss, B., "Poxviridae and their Replication" 
IN Virology, 2d Edition, B.N. Fields, D.M. Knipe et al, Eds., Raven Press, p. 
2090 (1990). The late promoters apparently do not recognize the transcription 
termination signal recognized by early promoters. 

[0343] Preferred constitutive promoters for use in the present invention 

include the synthetic early-late promoters described by Hammond and 
Chakrabarti, the MH-5 early-late promoter, and the 7.5-kD or '^7.5" promoter. 
Examples utilizing these promoters are disclosed herein. 

[0344] The insert polynucleotides may be operably associated with T7 phage 

promoter, which is active in cells in which T7 RNA polymerase is expressed, 
for the regulation of the expression of insert polynucleotides. The host , cell is 
stably transfected with a polynucleotide encoding the T7 RNA polymerase 
under the control of a mammalian promoter as described prevuously (O. 
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Elroy-Stein, B. Moss. 1990 Proc. Natl Acad. Set. USA 87: 6743-6747). T7 
RNA polymerase may also be provided by co-infection with a T7 RNA 
polymerase recombinant helper virus, such as fowlpox virus (P. Britton, P. 
Green, S. Kottier, K.L. Mawditt, Z. Penzes, D. Cavanagh, M.A. Skinner. 1996 
J. General Virology 77: 963-967). The T7 polymerase system adapted to 
vaccinia gives higher levels of expression relative to native vaccinia 
promoters. (Eckert D. and Merchlinsky M. J Gen Virol 80 ( Pt 6): 1463-9 
(1999); Elroy-Stein O., Fuerst TJR. and Moss B. Proc Natl Acad Sci USA. 
55(16):6126-30 (1989); Fuerst TJR., Earl P.L. and Moss B. Mol Cell Biol 
7(7):2538-44 (1987); Cottet S. and Corthesy B. EurJBiochem 24<J(1):23-31.). 
[0345] As discussed above, certain selection and screening methods based on 

host cell death require that the mechanisms leading to cell death occur prior to 
any cytopathic effect (CPE) caused by virus infection. The kinetics of the 
onset of CPE in virus-infected cells is dependent on the virus used, the 
multiplicity of infection, and the type of host cell. For example, in many 
tissue culture lines infected with vaccinia virus at an MOI of about 1, CPE is 
not significant until well after 48 to 72 hours post-infection. This allows a 2 to 
3 day time frame for high level expression of immunoglobulin molecules, and 
antigen-based selection independent of CPE caused by the vector. However, 
this time frame may not be sufficient for certain selection methods, especially 
where higher MOIs are used, and further, the time before the onset of CPE 
may be shorter in a desired cell line. There is, therefore, a need for virus 
vectors, particularly poxvirus vectors such as vaccinia virus, with attenuated 
cytopathic effects so that, wherever necessary, the time frame of selection can 
be extended. 

[0346] By "recipient cell" or "host cell" or "cell" is meant a cell or plurality of 

cells into which polynucleotides (e.g. DNA) is introduced for the tri-molecular 
recombination method or a direct or indirect selection method described 
below, preferably a eukaryotic cell or cell line, preferably an animal, 
vertebrate, mammalian, rodent, mouse, primate, or human cell or cell line. 
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Additional examples of host cells are disclosed herein. The host cells may 
also comprise packaging function. 
[0347] Polynucleotides (e.g. DNA) may be introduced into host cells by any 

method known to those of skill, for example, by lipofection (such as> with 
anionic liposomes (see, e.g., Feigner et al, Proa Natl Acad Sci. USA. 
54:7413 (1987)) or cationic liposomes (see, e.g, Brigham, K.L. et al Am. J 
Med Sci. 295(4):278-2821 (1989); U.S. Patent No. 4,897,355 (Eppstein, et 
al)\ by electroporation, by calcium phosphate precipitation (see generally, 
Sambrook et al> Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York (1989)), by 
protoplast fusion, by spheroplast fusion, or by the DEAE dextran method 
(Sussman et al Cell Biol 4:1641-1643 (1984)). When the selected method is 
lipofection, the nucleic acid can be complexed with a cationic liposome, such 
as DOTMA:DOPE, DOTMA, DOPE, DC-cholesterol, DOTAP, Transfectam® 
(Promega), Tfic® (Promega), LipoTAXI™ (Stratagene), PerFect lipid™ 
(Invitrogen), SuperFect™ (Qiagen). When the nucleic acid is transected via an 
anionic liposome, the anionic liposome can encapsulate the nucleic acid. 
Preferably, polynucleotide (e.g. DNA) is introduced by liposome-mediated 
transfection using the manufacturer's protocol (such as for Lipofectamine; 
Life Technologies Incorporated). 

Modifications of Trimolecular Recombination 

[0348] Trimolecular recombination has been used by the present inventors to 

construct cDNA libraries in vaccinia virus with titers of the order of 10 7 pfu. 
There are several factors that limit the complexity of these cDNA or other 
libraries. These include: the size of the primary cDNA library or other library 
that can be constructed in a plasmid vector, and the labor involved in the 
purification of large quantities (hundreds of micrograms) of vaccinia virus, 
poxvirus, or other vector DNA. Modifications of trimolecular recombination 
that would allow for vector (e.g. vaccinia or other poxvirus DNA) 
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recombination with transfer polynucleotides (e.g. primary cDNA libraries or 
other libraries constructed in bacteriophage lambda or DNA or phagemids 
derived therefrom), or that would allow separate vector (e.g. vaccinia virus) 
DNA arms to be generated in vivo following infection with a modified viral 
vector could greatly increase the quality and titer of the libraries (e.g. vaccinia 
virus cDNA or other libraries) that are constructed using these methods. 

[0349] Transfer of cDNA Inserts from a Bacteriophage Lambda Library to 

Vaccinia Virus. Lambda phage vectors have several advantages over plasmid 
vectors for construction of cDNA libraries or other libraries. Plasmid libraries 
(e.g. cDNA or other DNA insert) or linear polynucleotide (e.g. DNA) libraries 
are introduced into bacterial cells by chemical/heat shock transformation, or 
by electroporation. Bacterial cells are often transformed preferentially by 
smaller plasmids, resulting in a potential loss of representation of longer 
polynucleotides (e.g., cDNA or other insert DNA) in a library. In addition, 
transformation is a relatively inefficient process for introducing foreign 
polynucleotides (e.g., cDNA or other insert DNA) into a cell requiring the use 
of expensive commercially prepared competent bacteria in order to construct a 
library (e,g. a cDNA library). 

[0350] In contrast, lambda phage vectors can tolerate polynucleotide inserts 

(e.g., cDNA or other insert DNA) of 12 kilobases or more without any size 
bias. Lambda vectors are packaged into virions in vitro using high efficiency 
commercially available packaging extracts so that the recombinant viral 
(lambda) genomes can be introduced into bacterial cells by infection. This 
results in primary libraries with higher titers and better representation of large 
polynucleotide (e.g. cDNA or DNA) inserts, than is commonly obtained in 
plasmid libraries. 

[0351] To enable transfer of polynucleotide inserts (e.g. cDNA inserts or other 

inserts) from a library constructed in a lambda vector to vaccinia virus, the 
lambda vector must be modified to include vaccinia virus DNA sequences that 
allow for homologous recombination with the vaccinia virus DNA. For 
example, the vaccinia virus HindHI J fragment (vaccinia tk gene) contained in 
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plasmid p7.5/ATG0/tk can be excised using Hindin and SnaBI (3 kb of 
vaccinia DNA sequence), and subcloned into the HindQI/SnaBI sites of 
pT7Blue3 (Novagen cat no. 70025-3) creating pT7B3.Vtk. The vaccinia tk 
gene can be excised from this vector with Sad and SnaBI and inserted into the 
Sacl/Smal sites of Lambda Zap Express (Stratagene) to create lambda. Vtk. 
The lambda. Vtk vector will contain unique NotI, BamHI, Smal, and Sail sites 
for insertion of cDNA downstream of the vaccinia 7.5k promoter. Libraries 
(e.g., cDNA or other DNA libraries) can be constructed in lambda.Vtk 
• employing methods that are well known in the art. 

[0352] DNA from a library (e.g. cDNA or other library) constructed in 

lambda. Vtk, or, any similar bacteriophage that includes polynucleotide (e.g. 
cDNA inserts or other insert DNA) with flanking vaccinia DNA sequences to 
promote homologous recombination, can be employed to generate cDNA (or 
other insert DNA or polynucleotide) recombinant vaccinia virus. Methods are 
well known in the art for excising a plasmid from the lambda genome by 
coinfection with a helper phage (ExAssist phage, Stratagene cat no. 21 1203). 
Mass excision from a lambda based library creates an equivalent library (e.g. 
cDNA or other library) in a plasmid vector, Plasmids excised from, for 
example, the lambda. Vtk polynucleotide (e.g. cDNA) library will contain the 
vaccinia tk sequences flanking the polynucleotide (e.g. cDNA or other DNA) 
inserts. This plasmid DNA can then be used to construct vaccinia 
recombinants by trimolecular recombination. 

[0353] Another embodiment of this method is to purify the lambda DNA 

directly from the initial lambda. Vtk library, and to transfect this recombinant 
viral (lambda) DNA or fragments thereof together with the two large vaccinia 
virus DNA fragments for trimolecular recombination. 

[0354] Generation of vaccinia arms in vivo. Purification and transfection of 

vaccinia DNA "arms" or fragments are a limiting factor in the construction of 
vaccinia libraries (e.g. cDNA or other libraries) by trimolecular 
recombination. Modifications to the method to allow for the requisite 
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generation of vaccinia arms in vivo would allow for more efficient 
construction of larger libraries (e.g. cDNA or other libraries) in vaccinia virus. 
[03551 Cells ( e *& packaging or host cells) can be modified to express a 

restriction endonuclease that recognizes a unique site introduced into the 
vaccinia virus genome. When vaccinia virus infects these cells (e.g. 
packaging or host cells) the restriction endonuclease will digest the vaccinia 
DNA, generating "arms" that can only be repaired, i.e., rejoined, by 
trimolecular recombination. Examples of restriction endonucleases include 
the bacterial enzymes Notl and Apal, the Yeast endonuclease VDE (R. Hirata, 
et al, J. Biological Chemistry 255:6726-6733 (1990)), the Chlamydomonas 
eugametos endonuclease I-Ceul and others well-known in the art. For 
example, a vaccinia strain containing unique Notl and Apal sites in the tk gene 
has already been constructed, and a strain containing unique VDE and/or I- 
Ceul sites in the tic gene could be readily constructed by methods known in Ihe 
art. i 
[0356] Constitutive expression of a restriction endonuclease would be lethal to 

a cell, due to the fragmentation of the chromosomal DNA by that enzyme. To 
avoid this complication, in some embodiments cells (e.g. packaging or host 
cells) are modified to express the gene(s) for the restriction endonuclease(s) 
under the control of an inducible promoter. 
[03571 A preferred method for inducible expression would utilize the Tet-Qn 

Gene Expression System (Clontech). In this system expression of the gene 
encoding the endonuclease is silent in the absence of an inducer (tetracycline). 
This makes it possible to isolate a stably transfected cell line that can be 
induced to express a toxic gene, i.e., the endonuclease (Gossen, M. et al, 
Science 255:1766-1769 (1995)). The addition of the tetracycline derivative 
doxycycline induces expression of the endonuclease. In a preferred 
embodiment, BSC1 cells (e.g. packaging or host cells) will be stably 
transfected with the Tet-On vector controlling expression of the Notl gene. 
Confluent monolayers of these cells will be induced with doxycycline and 
then infected with v7.5/tk (unique Notl site in tk gene), and transfected with 
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polynucleotide (e.g. cDNA or DNA) recombinant transfer plasmid or transfer 
polynucleotide (e.g. transfer DNA) or lambda phage or phagenrid DNA. 
Digestion of exposed vaccinia DNA at the unique NotI site, for example in the 
tk gene or other sequence, by the Not! endonuclease encoded in the host cells 
produces two large vaccinia DNA fragments which can give rise to full-length 
viral DNA only by undergoing trimolecular recombination with thetransfer 
polynucleotide, transfer plasmid or phage DNA. Digestion of host cell 
chromosomal DNA by NotI is not expected to prevent production of infectious 
viral recombinants because the host cells are not required to proliferate during 
viral replication and virion assembly. 

[0358] In another embodiment of this method to generate vaccinia arms in 

vivo, a vaccinia strain is constructed that contains a unique endonuclease site 
in the tk gene or other sequence and the cDNA encoding the endonuclease 
under the control of the 17 bacteriophage promoter at another site in the 
vaccinia genome. Infection of cells that express the 17 RNA polymerase 
would result in expression of the endonuclease, and subsequent digestion of 
the vaccinia DNA by the endonuclease. 

[0359] In a preferred embodiment, the endonuclease is NotL In another 

preferred embodiment, the v7.5/tk strain of vaccinia is modified by insertion 
. of a cassette containing the cDNA encoding NotI with expression controlled 
by the T7 promoter into the Hindm C or F region (Coupar, E.H.B. et aL, Gene 
55:1-10.(1988); Flexner, C. et aL, Nature 330:259-262 (1987)), generating 
v7.5/tk/T7NotL A cell line is stably transfected with the cDNA encoding the 
T7 RNA polymerase under the control of a mammalian promoter as described 
(O. Elroy-Stein, B. Moss., Proa Natl Acad ScL USA 57:6743-6747 (1990)). 
Infection of this cell line (e.g. packaging cell line) with v7.5/tk/T7NotI will 
result in T7 RNA polymerase dependent expression of NotI, and subsequent 
digestion of the vaccinia DNA into arms. Infectious full-length viral DNA can 
only be reconstituted and packaged from the digested vaccinia DNA arms 
following trimolecular recombination with a transfer plasmid or phage DNA. 
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[0360] In yet another embodiment of this method, the T7 RNA polymerase 

can be provided by co-infection with a T7 RNA polymerase recombinant 
helper virus, such as fowlpox virus (P. Britton, et aL, J. General Virology 
77:963-967 (1996)). 

[0361] A unique feature of trimolecular recombination employing these 

various strategies for generation of large vaccinia DNA fragments in vivo is 
that digestion of the vaccinia DNA may but does not need to precede 
recombination. It suffices that only recombinant virus escapes destruction by 
digestion. This contrasts with trimolecular recombination employing 
transfection of vaccinia DNA digested in vitro where, of necessity, vaccinia 
DNA fragments are created prior to recombination. It is possible that the 
opportunity for bimolecular recombination prior to digestion will yield a 
greater frequency of recombinants than can be obtained through trimolecular 
recombination following digestion. 

Production of a Library Using a Poxvirus Vector Such As Vaccinia Virus 

[0362] In some embodiments, the trimolecular recombination method is used 

in the production of a library, preferably an expression library. In this 
embodiment, a cDNA library is prepared by extracting total RNA, mRNA, 
size-fractionated RNA, etc. from a cell, synthesizing a series of 
complementary double-stranded cDNA fragments from the RNA and 
introducing these cDNA fragments into cells in tissue culture, by, for example, 
first cloning the fragments into a vector, preferably a poxvirus vector. The 
cells are maintained under conditions which allow them to express the protein, 
or alternatively only the transcript, encoded by the cDNA. 

[0363] Alternatively, the tri-molecular recombination method is used to 

produce a genomic library or a combinatorial library. The methods of the 
invention are applicable to a wide variety of libraries including mixtures of 
cDNAs cloned in sense or anti-sense orientation, mixtures of fragments of 
genomic DNA or cDNA, fragments of individual cDNAs and mixtures of 
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artificial sequences. Libraries include combinatorial libraries made up of 
natural and/or artificial sequences. In a preferred embodiment, the library is 
an expression library. Libraries may comprise a plurality of insert 
polynucleotides (e.g. DNAs). The insert polynucleotides (e.g. DNAs) may 
comprise any DNA or other polynucleotide segment as described above. 
[03641 By n cDNA" is meant complementary or copy DNA produced from an 

UNA template by the action of RNA-dependent DNA polymerase (reverse 
transcriptase). Thus a "cDNA clone" means a duplex DNA sequence 
complementary to an RNA molecule of interest, carried in a cloning vector. 
The cDNA may be from mRNA, a portion of a mRNA, a pre-mRNA 
including introns, or an intron. Alternatively, die cDNA may be from viral 
RNA. Molecular cloning methods for ds cDNA have been reviewed, for 
example, by Williams, "The Preparation and Screening of a cDNA Clone 
Bank," in Williamson, ed., Genetic Engineering, Vol. 1, p. 2, Academic Press, 
New York (1981); Maniatis, Recombinant DNA", in Prescott, ed., Cell 
Biology, Academic Press, New York (1980); and Efstratiadis et aL 9 "Cloning 
of Double-Stranded DNA," in Stelo et al 9 Genetic Engineering, Vol. 1, 
Plenum Press, New York (1979), p. 15. 
[03651 By "cDNA library" is meant a collection of recombinant DNA 

molecules containing cDNA inserts which together comprise all or a portion 
of the genome of an organism. Such a cDNA library may be prepared by art- 
recognized methods described, for example, in Maniatis et al, Molecular 
Cloning: A Laboratory Manual, supra. Generally, RNA is first isolated from 
the cells of an organism from whose genome it is desired to clone a particular 
gene. Preferred for the purposes of the present invention are animal cells, 
including insect cells, mammalian cells, and particularly human cells, or cell 
lines derived from these organisms. Alternatively, RNA can be isolated from 
a tumor cell derived from an animal tumor, and preferably from a human 
tumor; Thus, a library may be prepared from, for example, a human adrenal 
tumor, but any tumor may be used. 
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[0366] By "expression library" is meant a recombinant vector in which insert 

polynucleotide (e.g. DNA) is cloned and which allows expression of at least 
RNA, and preferably also expression of protein encoded by the insert 
polynucleotide (e.g. DNA). 

[0367] The insert polynucleotide (e.g. DNA) may be cloned in two vectors for 

producing a transfer plasmid containing a polynucleotide (e.g. DNA) insert in 
each of two orientations. The invention also provides a kit for producing a 
transcription expression library comprising poxvirus and two transfer plasmids 
for inserting polynucleotide (e.g. DNA) in each orientation. In another 
embodiment, the invention provides a kit for producing a protein expression 
library comprising a vaccinia virus genome or two fragments thereof, and 
three vectors for producing a transfer plasmid containing a polynucleotide 
(e.g. DNA) insert in each of three translation reading frames. 

[0368] The tri-molecular recombination method allows the use of vaccinia 

virus as a high efficiency cloning vector suitable for producing libraries. As 
such, vaccinia virus now may be used to identify previously unknown genes of 
interest from a complex population of clones, such as a cDNA or other library. 
Further, its ability to replicate in nondividing cells and its potential to express 
proteins at a high level in nondividing cells allows vaccinia virus to be used 
for cloning and isolating sequences that positively or negatively affect growth, 
differentiation, or cell viability. 

[0369] Thus, in some embodiments, the invention provides a method of 

producing a library in nondividing cells comprising the trimolecular 
recombination method. Nondividing cells include terminally differentiated 
cells. Nondividing cells include musculoskeletal cells such as, for example, 
chondrocytes, osteoblast, osteoclasts, and myocytes. Other examples of 
nondividing cells are fully differentiated blood and epidermal cells, neurons, 
glial cells, kidney and liver cells. 

[0370] In a preferred embodiment, the library is produced in a cell line which 

efficiently produces recombinant vector, such as BSC-1 or HeLa cells for 
libraries cloned in vaccinia virus, and the progeny recombinant vector 
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population is transferred to a second population of cells in which the direct or 
indirect selection method is used The library may be amplified by several 
passages in the efficient cell line before the direct or indirect selection method 
is used in the cell line in which the insert polynucleotide is functionally 
selected. 

[0371] In another embodiment, the invention provides a method of isolating 

an insert polynucleotide in a cell which is dead or which has ceased dividing. 

For example, the present inventor has used the tri-molecular recombination 

method to select polynucleotides encoding a target epitope recognized by 

particular cytotoxic T lymphocytes (CTLs). (See Examples 3 and 4.) In this 

experiment, monolayer of calls was infected with a complex library produced 

using tri-molecular recombination, the monolayer was incubated under 

conditions allowing expression of the target epitope, and epitope-specific 

CTLs were added f .to the cell monolayer. After CTL-mediated induction of 

lysis in cells expressing the target epitope, vaccinia virus DNA was recovered 

from cells that had become nonadherent or that had lysed. 

Selection of Non-viable Cells Infected with a cDNA Library Constructed in 
Adenovirus, Herpesvirus or Other Vectors 

[0372] Herpesvirus. A method has been described for the generation of helper 

virus free stocks of recombinant, infectious Herpes Simplex Virus amplicons 
(T.A. Stavropoulos, and C.A. Strathdee. J. Virology 72:7i37-7U3 (1998)). A 
polynucleotide library (e.g. cDNA or other library) constructed in such a 
plasmid amplicon vector could be packaged into a library of infectious 
amplicon particles using this method. Such a library could be employed in the 
indirect or direct selection methods (e.g. lethality/adherence based selection 
methods) of this invention. For example, a library (e.g. cDNA or other 
library) constructed in a herpes amplicon vector could be used to infect a 
monolayer of target cells. Then, for example, tumor specific CTL added to 
this infected monolayer would induce lysis of cells that express 
polynucleotides (e.g. cDNA or other DNA) encoding the target antigen. 
Amplicons recombinant for such polynucleotides (e.g. cDNA or other DNA) 
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might then be recovered from non-viable cells released from the monolayer. 
However, since in the absence of helper virus the amplicons are replication 
defective and are not packaged into infectious particles, the amplicon vector 
recovered from these selected cells could not be employed directly to infect 
fresh target cells for another cycle of selection. It would be necessary to 
recover the amplicon vector DNA for transformation into bacteria, Amplicon 
plasmid DNA could then be re-extracted from bacteria following antibiotic 
selection and packaged into infectious viral particles by cotransfection of 
amplicon DNA and packaging defective HSV genomic DNA into packaging 
cells. The infectious amplicon particles harvested could then be used to infect 
a fresh population of target cells for another round of selection. A more rapid 
means of recovering infectious amplicons would be, for example, to transfect 
cells employed as targets for CTL selection with the packaging defective HSV 
genomic DNA. This would, however, severely restrict the functional host 
range for selection to a few highly transferable cell lines, ie. Cos 7 and 293 
cells, 

[0373] Adenovirus. Methods have been described for the production of 

recombinant Adenovirus (Miyake, S. et al 9 Proc. Natl Acad. Sci USA 
P3:1320-1324 (1996); He, T.C. et aL, Proa Natl Acad Set USA PJ:2509- 
2514 (1998)). Although current methods yield relatively low viral titers and 
construction of a representative (e.g. cDNA) library in adenovirus has not 
been reported, it is possible that a cDNA library or other library could be 
constructed in an Adenovirus vector using either of these methods. Insertion 
of cDNA or other insert polynucleotide (e.g. DNA) into the E4 region of 
Adenovirus results in a replication competent recombinant virus. Such a 
library could be employed in the direct (e.g. lethality/adherence based) and 
indirect selection methods of this invention. 

[0374] For example, a tumor cDNA library constructed in an adenovirus 

vector could be used to infect a monolayer of target (e,g. host) cells. Tumor 
specific CTL added to this infected monolayer would induce lysis of cells that 
express cDNA recombinants encoding the target antigen. Adenovirus 
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recombinants for the cDNA encoding the target antigen recognized by CTL 
could then be recovered from cells released from the monolayer as described 
for selection from a vaccinia virus cDNA library. The virus recovered from 
the selected cells is infectious and could be employed for additional cycles of 
selection. 

[0375] Advantages of Vaccinia Virus. In comparison with either herpesvirus 

or adenovirus, there are significant advantages to vaccinia virus based vectors 
for the construction and manipulation of libraries, preferably representative 
and other cDNA libraries. Employing current technology, the titers that have 
been reported for primary adenoviral constructs are relatively low compared to 
what can be achieved througji trimolecular recombination with vaccinia virus. 
Although not being bound by any theories, there are a number of factors that 
may contribute to the high liters obtained for recombinant vaccinia virus using 
the tri-molecular recombination method. Vaccinia virus, because it replicates 
in the cytoplasm of the host cell, may undergo more frequent recombination 
events with transfer DNA than other mammalian DNA viruses like adenovirus 
and herpesvirus, which replicate in the nucleus and are presumed to require 
translocation of transfer plasmids to the nucleus for recombination. The 
frequency of transfer plasmid recombination events in vaccinia virus infected 
cells may be further enhanced because vaccinia virus, but not adenovirus or 
herpesvirus, replicates plasmids in the cytoplasm in a sequence independent 
manner (M. Merchlinsky, B. Moss. Cancer Cells 687-93 (1988)). Although 
higher titer libraries can be constructed in the herpes amplicon vector than in 
adenovirus, manipulation of these libraries is, as described above, hampered 
by the complexity of packaging infectious amplicons. These technical issues 
no doubt account for the fact that there has to date been no reported use of the 
current methods to construct a cDNA library in either adenovirus or 
herpesvirus based vectors. 

Method of Selecting a Target Polynucleotide From a Population 
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[0376] In addition to selecting a target epitope, the invention provides a 

method of selecting target polynucleotides, directly or indirectly, based on a 
phenotype such as nonadherence or nonviability. Thus, in some embodiments, 
the invention provides a method of directly selecting a target polynucleotide 
comprising: (a) providing a plurality of cells which comprise vector 
comprising insert polynucleotides, and (b) culturing the cells under conditions 
such that the insert polynucleotides are expressed and wherein a cell 
expressing a target polynucleotide becomes nonadherent, (c) collecting or 
removing the nonadherent cell or cell contents, thereby directly selecting the 
target polynucleotide. 

[0377] Alternatively, polynucleotides may be selected based on a phenotype 

such as adherence or viability, or another phenotype, as is further described 
herein. 

[0378] In further embodiments, the invention provides a method of selecting 

target polynucleotides based on any altered phenotype. By "altered 
phenotype" or "changed physiology" or other grammatical equivalents herein 
is meant that the phenotype of the cell is altered in some way, preferably in 
some detectable and/or measurable way. As will be appreciated in the art, a 
strength of the present invention is the wide variety of cell types and potential 
phenotypic changes which may be tested using the present methods. 
Accordingly, as described above, any phenotypic change which may be 
observed, detected, or measured may be the basis of the screening methods 
herein. 

[0379] Suitable phenotypic changes include, but are not limited to: gross 

physical changes such as changes in cell morphology, cell growth, cell 
viability, adhesion to substrates or other cells, and cellular density; changes in 
the expression of one or more RNAs, proteins, lipids, hormones, cytokines, or 
other molecules; changes in the equilibrium state (i.e. half-life) or one or more 
RNAs, proteins, lipids, hormones, cytokines, or other molecules; changes in 
the localization of one or more RNAs, proteins, lipids, hormones, cytokines, or 
other molecules; changes in the bioactivity or specific activity of one or more 
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RNAs, proteins, lipids, hormones, cytokines, receptors, or other molecules; 
changes in the secretion of ions, cytokines, hormones, growth factors, or other 
molecules; alterations in cellular membrane potentials, polarization, integrity 
or transport; changes in infectivity, susceptibility, latency, adhesion, and 
uptake of viruses and bacterial pathogens; etc. By "capable of altering the 
phenotype" herein is meant that the target polynucleotide can change the 
phenotype of the cell in some detectable and/or measurable way. See, e.g., 
below, and Examples 24, and 26-29. 

[0380] An altered phenotype may be detected by any method known in the art, 

such as expression of a marker (e.g. indicator or reporter) gene. An 
indicator/marker reporter gene includes an epitope, (e.g., an antigen TAG or 
an endogenous protein or epitope-containing fragment thereof), an enzyme 
(such as one that generates a novel or chromogenic product), a selectable 
marker, or a fluorescent molecule, such as green fluorescent protein (GEP), 
blue fluorescent protein (BFP), yellow fluorescent protein (YFP), red 
fluorescent protein (RFP), luciferase, P-galactosidase, and CAT, and others 
disclosed herein or known in the art When epitops (e.g., antigen TAGs or 
endogenous proteinsare used, preferred embodiments utilize cell surface 
antigens. The epitope is preferably any detectable peptide which is not 
generally found on the cytoplasmic membrane, although in some instances, if 
the epitope is one normally found on the cells, increases may be detected, 
although this is generally not preferred. Alternatively, the epitope may be 
intracellular (e.g. cytoplasmic) and may still be detectable by methods known 
in the art and /or disclosed herein (see, e.g., Example 29). 

[0381] An altered phenotype may also be detected by FACS as described 

herein, by optical properties, such as inherent optical properties, or those 
resulting from dyes, etc., and other detection methods, such as binding of an 
antibody, ligand, etc., as described herein. Such an antibody, ligand, etc., may 
be labeled or may be conjugated to a toxin. Many other methods for detecting 
an altered phenotype are well known in the art, and may also be described 
herein. Preferably, the antibody is labeled with a fluorescent marker such as 
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FTTC and is detected by FACS. Cells may thus be sorted by FACS to speed 
selection of larger polynucleotides. 

[0382] A target polynucleotide may alter a phenotype of a cell comprising 

said target polynucleotide. Alternatively, a target polynucleotide may alter a 
phenotype of a second cell (ie. an indicator cell) as described elsewhere 
herein. When the phenotype of a second cell is altered, it may be preferable to 
divide the host cells into pools which also comprise the indicator cells. Then 
insert polynucleotides are collected from those pools in which an altered 
phenotype of an indicator cell is detected. 

[0383] The selection methods include one or a combination of the 

modifications, uses, and other embodiments described herein and also provide 
for the exclusion of any one or more modifications, uses and other 
embodiments. For example, the invention provides a method for selection 
. based on immunological methods which include antibody-based methods, but 
which exclude CD8+ CTL-based methods. As another example, the method 
may include selection of DNA inserts in dividing cells, but exclude selection 
in tumor cells. As yet another example, the selection method may include 
mechanisms based on nonadherence, but exclude nonadherence due to lysis. 
As a further example, the selection method may include direct selection, but 
exclude CTL-mediated selectioa 

[0384] Preferably, the plurality of cells comprise a library. Thus, the "vector 

comprising insert polynucleotides" is preferably a plurality of insert 
polynucleotides which represent a library, and which is cloned in a vector. 
Alternatively, the plurality of cells may contain a single type of insert 
polynucleotide cloned in a vector, i.e., the plurality of cells represents a single 
"clone." Preferably, at least one of the insert polynucleotides is a target 
polynucleotide, i.e., a polynucleotide of interest, which is selectable by at least 
one direct selection method of the invention. As mentioned above, "insert 
polynucleotides" may also be referred to herein as "candidate polynucleotides" 
or other grammatical equivalents. 
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[0385] In the embodiment wherein the plurality of cells comprise a library, the 

library may be any type of library such as cDNA, genomic DNA, 
combinatorial, etc., as described elsewhere herein or otherwise known in the 
art. The insert polynucleotides may be natural or synthetic or a mixture of 
natural and synthetic products. They may be generated, for example, in vivo 
or in vitro, enzymatically, or chemically. The insert polynucleotides may be 
from any source such as a cell line, a biological sample, a patient sample, or 
from any of the cells described below as examples of host cells, etc. 
Preferably, the insert polynucleotides are cloned in vaccinia virus. Preferably, 
the insert polynucleotide is one or a plurality of products of tri-molecular 
recombination, including progeny thereof; preferably infectious progeny. 
[0386] The methods herein are applicable to a wide variety of expression 

libraries including mixtures of cDNAs cloned in sense or anti-sense 
orientation, mixtures of fragments of genomic DNA or cDNA or both, 
fragments of individual cDNAs and mixtures of artificial sequences. The 
insert polynucleotide (e.g. DNA) may be cloned in each of two orientations or 
may be cloned in each of three translation reading frames. Preferably, the 
insert polynucleotides are operably associated with strong constitutive 
expression control sequences, preferably strong constitutive poxvirus 
promoters such as the 7.5K -vaccinia virus promoter or a strong synthetic 
early/late (E/L) promoter. 
[0387] By "host cell" or "recipient cell" or "library cell" is meant a cell or 

plurality of cells into which DNA is introduced for the tri-molecular 
recombination method or a direct or indirect selection method described 
below. Preferably, the host cells adhere to a solid support. However, 
normally nonadherent cells and cell types may be made to adhere to a solid 
support by use of a molecule such as a protein, an antibody, or poly I^lysine 
on the surface of the solid support. Other means for attaching cells to a solid 
support are well known in the art. The host cells may also comprise 
packaging function. Host cells are eukaryotic cells or cell lines, preferably 
animal, vertebrate, mammalian, or human cells or cell lines. Host cells may 
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be cells derived from primary tumors, cells derived from metastatic tumors, 
primary cells, cells which have lost contact inhibition, transformed primary 
cells, immortalized primary cells, cells which may undergo apoptosis, and cell 
lines derived therefrom. 
[0388] Cells, and cells lines for use as host or recipient or library cells 

according to the present invention include those disclosed in scientific 
literature such as American Type Culture Collection publications including 
American Type Culture Collection Catalogue of Cell Lines and Hybridomas, 
7th ed., ATCC, Rockville, MD (1992) and subsequent editions, which list 
deposited cell lines as well as culture conditions and additional references. 
[0389] For example, host cells according to the present invention include the 

monkey kidney cell line, designated "COS," including COS cell clone M6. 
COS cells are those that have been transformed by SV40 DNA containing a 
functional early gene region but a defective origin of viral DNA replication. 
Also prefeired are murine "WOP" cells, which are NIH 3T3 cells transfected 
with polyoma origin deletion DNA. 
[0390] Other examples of host cells for use in the disclosed methods are 

monkey kidney CVI line transformed by SV40 (COS-7, ATCC CRL 165 1); 
human embryonic kidney line (293, Graham et al J. Gen Virol 36:59 (1977)); 
baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary- 
cells-DHFR (CHO, Urlaub and Chasin, Proc. Natl Acad. Set (USA) 
77:4216, (1980); mouse Sertoli cells (TM4, Mather, Biol Reprod. 23:243-251 
(1980)); monkey kidney cells (CVI ATCC CCL 70); afiican green monkey 
kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells 
(HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo 
rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC 
CCL 75); human liver cells (hep G2> HB 8065); mouse mammary tumor 
(MMT 060562, ATCC CCL 5 1); TRI cells (Mather et al, Annals N. Y. Acad. 
Sci 383:44-68 (1982)); human B cells (Daudi, ATCC CCL 213); human T 
cells (MOLT-4, ATCC CRL 1582); and human macrophage cells (U-937, 
ATCC CRL 1593). 
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[0391] Preferred cell types for use in the invention will vary with the cellular 

phenotype to be modulated. Suitable cells include, but are not limited to, 
mammalian cells, including animal (rodents, including mice, rats, hamsters 
and gerbils), primates, and human cells, particularly including tumor cells of 
all types, including breast, skin, lung, cervix, colorectal, leukemia, brain, etc. 
[0392] The murine stem cell line RAW (Hsu, EL et al t Proc Natl Acad Sci 

USA P5(7):3540-3545 (1999); Owens, J. M. et al, J Cell Physiol 179:170 
(1999)) and pluripotent stem cell line C3H10T1/2 (Denker, A. et al, 
Differentiation 64:67-76 (1999)) are especially preferred for studies of 
osteoclast and chondrocyte or osteoblast differentiation. 
[0393] However, the choice of cells or cell lines is not limited to those 

described herein, and may be any cell or cell line. As indicated below, the 
choice depends on the system under study, or the particular polynucleotide 
which is desired to be isolated. For example, to select or isolate an epitope 
recognized by a human CD8 + CTL, it is preferable to use a host cell which 
expresses human class I MHC molecules, and to select or isolate an epitope 
recognized by a human CD4 + CTL, it is preferable to use a host cell which 
expresses or can be induced to express human class II MHC molecules, to 
allow the CTL to recognize the encoded epitope in association with the 
appropriate MHC molecules. As another example, to select or isolate a 
polynucleotide which is growth suppressive or toxic in breast cancer, it is 
preferable to use as host cells breast cancer cell lines such as 21NT, 21PT, 
21MT-1, AND 21MT-2. Band et al, Cancer Res. 50:7351-7 (1990). Once a 
growth suppressive polynucleotide is isolated, it may be tested in non 
transformed controls, such as normal breast epithelial cell line H16N2, to 
determine whether its growth suppressive activity is specific for tumor cells. 
[0394] Many cell types can be used in the selection method of the invention. 

Cells include dividing cells, non dividing cells, terminally differentiated cells, 
pluripotent stem cells, committed progenitor cells and uncommitted stem cells. 
[0395] Cells and cell types also include muscle cells such as cardiac muscle 

cells, skeletal muscle cells and smooth muscle cells; epithelial cells such as 
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squamous epithelial cells, including endothelial cells, cuboid epithelial cells 
and columnar epithelial cells; nervous tissue cells such as neurons and 
neuroglia. Also included are progenitor cells of each of these cells. 
[0396] Cells that can be used in the selection method of the present invention 

also include nervous system cells such as neurons, including cortical neurons, 
inter neurons, central effector neurons, peripheral effector neurons and bipolar 
neurons; and neuroglia, including Schwann cells, oligodendrocytes, astrocytes, 
microglia and ependyma. Also included are progenitor cells of each of these 
cells. 

[0397] Additionally, endocrine and endocrine-associated cells may also be 

used such cells as pituitary gland cells including epithelial cells, pituicytes, 
neuroglia, agranular chromophobes, granular chromophils (acidophils and 
basophils); adrenal gland cells including epinephrine-secreting cells, non- 
epinephrine-secreting cells, medullary cells, cortical cells (cells of the 
glomerulosa, fasciculata and reticularis); thyroid gland cells including 
epithelial cells (principal and parafollicular); parathyroid gland cells including 
epithelial cells (chief cells and oxyphils); pancreas cells including cells of the 
islets of Langerhans (alpha, beta and delta cells); pineal gland cells including 
parenchymal cells and neuroglial cells; thymus cells including parafollulicular 
cells; cells of the testes including seminiferous tubule cells, interstitial cells 
("Leydig cells"), spermatogonia, spermatocytes (primary and secondary), 
spermatids, spermatozoa, Sertoli cells and myoid cells; cells of the ovary 
including ova, oogonia, oocytes, granulosa cells, theca cells (internal and 
external), germinal epithelial cells and follicle cells (primordial, vesicular, 
mature and atretic). Also included are progenitor cells of each of these cells. 
[03981 Also included are muscle cells such as myofibrils, intrafusal fibers and 

extrafusal fibers; skeletal system cells such as osteoblasts, osteocytes, 
osteoclasts and their progenitor cells. Also included are progenitor cells of 
each of these cells. 

[0399J Circulatory system cells are also included such as heart cells 

(myocardial cells); cells of the blood and lymph including erythropoietin- 
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sensitive stem cells, erythrocytes, leukocytes (such as eosinophils, basophils 
and neutrophils (granular cells) and lymphocytes and monocytes (agranular 
cells)), thrombocytes, tissue macrophages (histiocytes), organ-specific 
phagocytes (such as Kupffer cells, alveolar macrophages and microglia), B- 
lymphocytes, T-iymphocytes (such as cytotoxic T cells, helper T cells and 
suppressor T cells), megaloblasts, monoblasts, myeloblasts, lymphoblasts, 
proerythroblasts, megakaryoblasts, promonocytes, promyelocytes, 
prolymphocytes, early normoblasts, megakaryocytes, intermediate 
normoblasts, metamyelocytes (such as juvenile metamyelocytes, segmented 
metamyelocytes and polymorphonuclear granulocytes), late normoblasts, 
reticulocytes, bone marrow cells, and dendritic cells (such as mature, 
immature, etc). Also included are progenitor cells of each of these cells. 
[0400] Respiratory system cells are also included such as capillary endothelial 

cells and alveolar cells; as are urinary system cells such as nephrons, capillary 
endothelial cells, granular cells, tubule endothelial cells and podocytes; 
digestive system such as simple columnar epithelial cells, mucosal cells, 
acinar cells, parietal cells, chief cells, zymogen cells, peptic cells, 
enterochn>maffin cells, goblet cells, Argentaffen cells and G cells; and sensory 
cells such as auditory system cells (hair cells); olfactory system cells such as 
olfactory receptor cells and columnar epithelial cells; equiUbrium/vestibular 
apparatus cells including hair cells and supporting cells; visual system cells 
including pigment cells, epithelial cells, photoreceptor neurons (rods and 
cones), ganglion cells, amacrine cells, bipolar cells and horizontal cells are 
also included. Also included are progenitor cells of each of these cells. 
[0401] Additionally, mesenchymal cells, stromal cells, fibroblasts, hair 

cells/follicles, adipose (fat) cells, cells of simple epithelial tissues (squamous 
epithelium, cuboidal epithelium, columnar epithelium, ciliated columnar 
epithelium and pseudostratified ciliated columnar epithelium), cells of 
stratified epithelial tissues (stratified squamous epithelium (keratinized and 
non-keratinized), stratified cuboidal epithelium and transitional epithelium), 
goblet cells, endothelial cells of the mesentery, endothelial cells of the small 
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intestine, endothelial cells of the large intestine, endothelial cells of the 
vasculature capillaries, endothelial cells of the microvasculature, endothelial 
cells of the arteries, endothelial cells of the arterioles, endothelial cells of the 
veins, endothelial cells of the venules, etc.;cells of the connective tissue 
include chondrocytes, adipose cells, periosteal cells, endosteal cells, 
odontoblasts, osteoblasts, osteoclasts and osteocytes; endothelial cells, 
hepatocytes, keratinocytes and basal keratinocytes, muscle cells, cells of the 
central and peripheral nervous systems, prostate cells, and lung cells, cells in 
the lung, breast, pancreas, stomach, small intestine, and large intestine; 
epithelial cells such as sebocytes, hair follicles, hepatocytes, type II 
pneumocytes, mucin-producing goblet cells, and other epithelial cells and their 
progenitors of the skin, lung, liver, and gastrointestinal tract may be used in 
the methods of the present invention, preferably the selection and screening 
methods- Also included are progenitor cells of each of these cells. 
[0402] Cells useful in the inventions herein also include progenitor cells of all 

the cells above and elsewhere herein. 
[0403] By a "plurality" or "population" or "library" of cells is meant at least 

two cells, with at least about 10 3 , 10 4 ,10 5 ,10 6 ,10 7 ,10 8 , 10 9 being particularly 
preferred. The plurality or population can contain a mixture of different cell 
types from either primary or secondary cultures although samples containing 
only a single cell type are preferred, for example, the population can be from a 
cell line, including tumor cell lines. The cells may be in any cell phase, either 
synchronous or not, including M, Gl, S, and G2. In a preferred embodiment, 
cells that are replicating or proliferating are used. ..Alternatively, npn- 
replicating cells may be used. 
[0404] By "solid support" is meant any support capable of binding a cell, 

which may be in any of various forms, as is known in the art. Well-known 
supports include tissue culture plastic, glass, polystyrene, polypropylene, 
polyethylene, dextran, nylon, amylases, natural and modified celluloses, 
polyacrylamides, gabbros, and magnetite. The nature of the carrier can be 
either soluble to some extent or insoluble for the purposes of the present 
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invention. The support material may have virtually any possible structural 
configuration as long" as the coupled molecule is capable of binding to a cell. 
Thus, the support configuration may be spherical, as in a bead, or cylindrical, 
as in the inside surface of a test tube, or the external surface of a rod. 
Alternatively, the surface may be flat such as a sheet, test strip, etc. Preferred 
supports include polystyrene beads. The support configuration may include a 
tube, bead, microbead, well, plate, tissue culture plate, petri plate, microplate, 
microtiter plate, flask, stick, strip, vial, paddle, etc., etc. A solid support may 
be magnetic or non-magnetic. Those skilled in the art will know many other 
suitable carriers for binding cells, or will be able to readily ascertain the same. 
[0405] Cells may be directly or indirectly bound to a solid support, as is well 

known in the art. For example, cells may be indirectly attached via one or 
more molecules such as protein, antibody, receptor, ligand,.poly L-lysine, or 
may be indirectly attached via other cells. In some embodiments, cells are 
attached to a solid support via antibody. In a preferred embodiment, the cells 
are attached to a magnetic solid support, such as magnetic beads, via antibody. 
(See, for example, Dynal Technical Handbook, "Biomagnetic Techniques in 
Molecular Biology", 1995.) 
[0406] By 'tissue culture" or "cell culture" or "culture" or "culturing" is meant 

the maintenance or growth of animal tissue or cells in vitro under conditions 
that allow preservation of cell architecture, preservation of cell function, 
further differentiation, or all three, as well as permitting expression of insert 
polynucleotides. "Primary tissue cells" are those taken directly from tissue, 
i.e., a population of cells of the same kind performing the same function in an 
organism. Treating such tissue cells with the proteolytic enzyme trypsin, for 
example, dissociates them into individual primary tissue cells that grow or 
maintain cell architecture when seeded onto culture plates. Cell cultures 
arising from multiplication of primary cells in tissue culture are called 
"secondary cell cultures." Most secondary cells divide a finite number of 
times and then die. A few secondary cells, however, may pass through this 
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"crisis period," after which they are able to multiply indefinitely to form a 
continuous "cell line." 
[0407] A recipient cell containing a target polynucleotide may become 

"nonadherent" or "nonviable" by any mechanism, which may include lysis, 
inability to adhere, loss of viability, loss of membrane integrity, loss of 
structural stability, disruption of cytoskeletal elements, inability to maintain 
membrane potential, arrest of cell cycle, inability to generate energy, etc. 
Thus, cells containing target polynucleotides may be collected, i.e., recovered 
or separated from remaining cells, by any physical means such as aspiration, 
washing, filtration, centrifugation, cell sorting, fluorescence activated cell 
sorting (FACS), etc. Collected cells or polynucleotides may also be referred 
to herein as "recovered" cells or polynucleotides, or as "isolated" cells or 
polynucleotides. 

[0408] For example, cells containing target polynucleotides may lyse and 

thereby release recombinant vaccinia into the culture media or may become 
nonadherent and therefore lift away from the solid support. Thus, in a 
preferred embodiment, released recombinant vaccinia and/or nonadherent cells 
are separated from adherent cells by aspiration or washing of the liquid 
medium, e.g. culture medium. 

[0409] In another embodiment, a recipient cell containing a target 

polynucleotide may become "adherent" or "viable" by any mechanism. In this 
embodiment, host cells which do not contain a target polynucleotide undergo 
lysis, are unable to adhere, are not viable in culture, lose membrane integrity, 
lose structural stability, become disrupted in their cytoskeletal elements, are 
unable to maintain membrane potential, are arrested in cell cycle, are unable to 
generate energy, etc. Cells containing a target polynucleotide fail to lyse, do 
adhere, remain viable, retain or gain membrane integrity, retain or gain 
structural stability, retain or gain cytoskeletal elements, maintain or gain 
membrane potential, are not growth cycle arrested, or generate energy, etc. 
Thus, cells not containing target polynucleotides, or their contents, may be 
removed from those containing target polynucleotides by any physical means 
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of separation such as aspiration, washing, filtration centrifugation, cell 
sorting, fluorescence activated cell sorting (FACS), etc. For example, cells 
which do not contain a target polynucleotide may be removed from the cells 
which do contain a target polynucleotide by washing or aspiration. The 
remaining cells containing target polynucleotides are then collected. 

Method of Enriching for Target Polynucleotides 

[0410] The methods of the invention are useful to enrich for target 

polynucleotides from a plurality of test polynucleotides, such as a complex 
library including cDNA and other libraries. 

[0411] A single round of direct or indirect selection may not necessarily result 

in isolation of a pure set of target polynucleotides; the mixture obtained after a 
first round may be enriched for the desired polynucleotides but may also be 
contaminated with non-target insert sequences. For example, selection of 
cytotoxic and cytostatic target polynucleotides may require or benefit by 
several rounds of selection, which thus increase the proportion of cells 
containing target polynucleotides. To achieve increased purification, the 
material obtained after the first round is used to infect a second population of 
cells and the resulting sublibraiy is subjected to a second round of selection. 

[0412] Thus, in this embodiment, the invention provides a method of 

producing a subpopulation of target polynucleotides comprising the direct or 
indirect selection method, and further comprising: isolating target 
polynucleotides from the selected (e.g. nonviable) cells, introducing the target 
polynucleotides into a second plurality of host cells, and separating the 
selected cells (e.g. non-viable or contents thereof). In yet a further 
embodiment, the method comprises additional rounds of infection of new host 
cells and direct or indirect selection. Thus, the method provides multiple 
rounds of enrichment to produce subpopulations, or sublibraries, which 
comprise a progressively decreasing ratio of nontarget polynucleotides, i.e., 
decreased background. 
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[04131 Following collection of the target polynucleotides as described above 

and elsewhere herein, or following enrichment of the target polynucleotides 
from the library as described above, those polynucleotides which have been 
recovered are "isolated," z.e, they are substantially removed from their native 
environment and are largely separated from polynucleotides in the library 
which do not encode antigen-specific immunoglobulin subunit polypeptides. 
For example, cloned polynucleotides (Le. insert polynucleotides) contained in 
a vector are considered isolated for the purposes of the present invention. It is 
understood that two or more different polynucleotides which effect the same 
or similar phenotype may be collected or recovered by the methods described 
herein. Accordingly, a mixture of target polynucleotides is also considered to 
be "isolated." Further examples of isolated polynucleotides include those 
maintained in heterologous host cells or purified (partially or substantially) 
DNA molecules in solution. For example, a polynucleotide contained in a 
virus vector is "isolated" after it has been recovered and plaque purified, and a 
polynucleotide contained in a plasmid vector is isolated after it has been 
expanded from a single bacterial colony. However, a polynucleotide 
contained in a clone that is a member of a mixed library and that has not been 
isolated from other clones of the library is not "isolated" for the purposes of 
this invention. 

[0414] Given that a phenotype may be effected by more than one 

polynucleotide, it is contemplated that several suitable polynucleotides, e.g., 
two, three, four, five, ten, 100 or more polynucleotides, may be recovered 
from the first step of this embodiment, each of which may be a target a 
polynucleotide. It is contemplated that each different polynucleotide 
recovered from the library may be separately isolated. However, these 
polynucleotides may be isolated as a group of polynucleotides which effect the 
same or similar phenotypes and these polynucleotides may be "isolated" 
together. Such mixtures of polynucleotides, whether separately isolated or 
collectively isolated, may be introduced into host cells in the second step, as 
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explained below, either individually, or with two, three, four, five, ten, 100 or 
more of the polynucleotides pooled together. 
[0415] Following collection or recovery, target polynucleotides may be t 

purified (partially or substantially) from protein such as viral and or cellular 
proteins and other components, using well-known techniques such as those 
described in the examples (see, e.g., .Example 2). 

Uses and Modifications of the Direct or Indirect Selection Methods 

[0416] The present invention provides an alternative method of identification 

of polynucleotides (e.g. gene sequences) whose expression elicits growth 
suppression, apoptosis or any other phenotype selectable by the present 
invention. It is based on the isolation from an expression library of one or 
more cells expressing a target polynucleotide, such that expression of the 
target polynucleotide causes cell lysis or otherwise compromises cell integrity 
or cell viability. For example, the target polynucleotide may be toxic or may 
sensitize the cell to an agent The target polynucleotide may inhibit the ability 
of a cell to remain adherent, such as due to a cytoskeletal effect or an effect on 
ATP production. 

[0417] The direct or indirect selection method exploits various cell-disrupting 

mechanisms to isolate polynucleotides of interest from a library. Cell- 
disrupting mechanisms which may be used include the following: immune 
system-mediated disruption such as by CTLs, antibody-dependent cellular 
cytotoxicity (ADCC), and complement-dependent cytotoxicity (CDC); 
disruption by toxic sequences such as apoptosis-inducing polynucleotides, cell 
cycle arresters, tumor suppressor genes, dominant negative oncogene variants, 
cell proliferation inhibitors, and CDK inhibitors; negative regulation of 
essential genes by antisense expression; and induction of suicide gene 
expression. These and other cell disruption mechanisms are not mutually 
exclusive with one another and many overlap. 
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[0418] This method has many applications such as isolation of growth 

suppressive molecules (DNA, RNA, polypeptides, or peptides) with 
specificity against certain cell types, and identification of new genes involved 
in negative growth regulation (i.e., tumor suppressive genes, genes involved in 
control of apoptosis, cellular senescence, sensitivity to chemical, physical or 
biological treatments, etc.), drug susceptibility, cell cycle regulation, cell 
differentiation, or transformation. 

[0419] Thus, examples of target polynucleotides are those that decrease 

growth rate or kill cells under normal conditions of growth or under specific 
conditions, including sensitization of cells to certain physical, chemical or 
biological treatments that have no or low effect on the majority of cells in, for 
example, a library-carrying cell population. 

[0420] Alternatively, an indirect selection method may be used, wherein the 

host cells lyse or otherwise are compromised in cell integrity or cell viability, 
and wherein target polynucleotides are selected which allow such cells to 
remain intact. 

[0421] Target polynucleotides may be cell proliferation genes which, when 

aberrantly expressed or regulated, may induce or otherwise be involved in the 
development of cell proliferative disorders. Such cell proliferative disorders 
include, but are not limited to cancers, arteriosclerosis, psoriasis, viral disease, 
as well as inflammatory conditions such as arthritis or sepsis. Cell 
proliferation genes include dominant transforming genes, such as oncogenes 
and other genes encoding products involved in the induction of cell growth 
and recessive cell proliferation genes, such as genes encoding tumor 
suppressors, genes involved in the induction of apoptosis or genes involved in 
viral growth. 

[0422] Isolation of Growth-suppressive Genetic Elements with Cell-specific 

Activity. Target polynucleotides include those that are growth suppressive for 
certain cell types (for example, tumor cells, virus infected cells, cells of certain 
tissue, etc.) but that have no or low effect on other cell types, such as the 
parent cell type. Isolation of clones that are specifically toxic for certain cell 
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type may require additional selection of the isolated mixture of clones in the 
cell type of different origin in order to define those clones that have selective 
biological activity against the cells of choice. 
[0423] Selection of cytotoxic and cytostatic target polynucleotides may 

require or benefit by several rounds of selection, which thus increase the 
proportion of cells containing target polynucleotides. Isolation of target 
polynucleotides that are not cytotoxic or cytostatic by themselves, but which 
display growth suppressive activity under certain conditions of cell 
maintenance or treatment requires application of the appropriate selection. 
Such selection is preferably noncytotoxic or low-cytotoxic by itself and should 
not lead to significant cell death or growth arrest in host cells which do not 
contain a target polynucleotide. For example, polynucleotides restoring the 
activity of the p53 pathway by blocking p53 inhibitors (such as papilloma 
virus protein E6 or cellular p53 inhibitor MDM2) are expected to cause cell 
sensitization to DNA-damaging treatments since p53 plays a role of negative 
growth regulator that is activated under conditions of genotoxic stress. 
[0424] The direct or indirect selection method is not limited to the isolation of 

cytotoxic or cytostatic elements. It can be used for isolation of genetic 
elements that induce any cell phenotype (i.e. expression of cell surface 
antigens, alterations in cell adhesion, cell size, etc.) that can be used as a 
selective trait to enrich or to exhaust a cell population. 
[0425] In a preferred embodiment, the methods disclosed herein are used to 

select for modulators of cellular phenotypes. Cellular phenotypes that may be 
selected for include, but are not limited to, cellular apoptosis, including cell 
cycle regulation, toxicity to small molecules, the expression of any number of 
moieties including receptors (particularly cell surface receptors), adhesion 
molecules, cytokine secretion, protein-protein interactions, transcriptional 
activation of particular promoters, etc. 
[0426] Additionally, cells containing such target polynucleotides may be 

collected or isolated, for example, by fluoTescence-activated cell sorting 
(FACS). Fluorescence activated cell sorting (FACS), also called flow 
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cytometry, is used to sort individual cells on the basis of optical properties, 
including fluorescence. It is useful for screening large populations of cells in a 
relatively short period of time. Rapid and inexpensive screens or selections 
such as by FACS would be of particular interest for identifying drug 
candidates such as modulators of cell cycle regulation. 
[04271 Further, cells containing target polynucleotides may be collected, for 

example, by magnetic beads. Such methods are described in more detail 
herein and are also well known in the art 
[0428] The hallmark of a malignant cell is uncontrolled proliferation. This 

phenotype is acquired through the accumulation of gene mutations, the 
majority of which promote passage through the cell cycle. Cancer cells ignore 
growth regulatory signals and remain committed to cell division. Classic 
oncogenes, such as ras, lead to inappropriate transition from Gl to S phase of 
the cell cycle, mimicking proliferative extracellular signals. Cell cycle 
checkpoint controls ensure faithful replication and segregation of the genome. 
The loss of cell cycle checkpoint control results in genomic instability, greatly 
accelerating the accumulation of mutations which drive malignant 
transformation. Hence, checkpoint regulators, such as p53 and ATM (ataxia 
telangiectasia mutated), also function as tumor suppressors. Thus, modulating 
cell cycle checkpoint pathways with therapeutic agents could exploit the 
differences between normal and tumor cells, both improving the selectivity of 
radio- and chemotherapy, and leading to novel cancer treatments. 
[0429] Target polynucleotides may modulate cell cycle regulation, by, for 

example, suppressing or activating a cell cycle checkpoint pathway, or 
ameliorating or inducing checkpoint defects. Thus, in a preferred 
embodiment, host cells are sorted in a FACS machine by assaying cell 
parameters, including, but not limited to, cell viability, cell proliferation, and 
cell phase. In this embodiment, preferred cellular parameters or assays are cell 
viability assays, assays to determine whether cells are arrested at a particular 
cell cycle stage ("cell proliferation assays"), and assays to determine at which 
cell stage the cells have arrested ("cell phase assays"). By assaying or 
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measuring one or more of these parameters, it is possible to detect not only 
alterations in cell cycle regulation, but alterations of different steps of the cell 
cycle regulation pathway. In this manner, rapid, accurate screening of insert 
polynucleotides may be performed to identify those that modulate cell cycle 
regulation, viability, growth, proliferation, etc. It may be possible to alter the 
activities of certain enzymes, for example kinases, phosphatases, proteases or 
ubiquitination enzymes, that contribute, to initiating cell phase and/or other 
changes. 

[0430] In a preferred embodiment, the methods are used to evaluate cell cycle 

regulation. Cells cycle through various stages of growth, starting with the M 
phase, where mitosis and cytoplasmic division (cytokinesis) occurs. The M 
phase is followed by the Gl phase, in which the cells resume a high rate of 
biosynthesis and growth. The S phase begins with DNA synthesis, and ends 
when the DNA content of the nucleus has doubled. The cell then enters G2 
' phase, which ends when mitosis starts, signaled by the appearance of 
condensed chromosomes. Terminally differentiated cells are arrested in the 
Gl phase, and no longer undergo cell division. La this embodiment, preferred 
cellular parameters or assays are cell viability assays, assays to determine 
whether cells are arrested at a particular cell cycle stage ("cell proliferation 
assays"), and assays to determine at which cell stage the cells have arrested 
("cell phase assays"). By separating cells based on one or more of these 
parameters, it is possible to detect not only alterations in cell cycle regulation, 
but alterations of different steps of the cell cycle regulation pathway, and to 
isolate target polynucleotides which confer such alteration. 

[0431] In some embodiments, an MVA vaccinia virus vector or other 

attenuated virus is used 

[0432] In a preferred embodiment, the methods outlined herein are performed 

on cells that are not arrested in the Gl phase; that is, they are rapidly or 
uncontrollably growing and replicating, such as tumor cells. In this manner, 
insert polynucleotides are evaluated to target polynucleotides that alter cell 
cycle regulation, i.e. cause cells to arrest at cell cycle checkpoints, such as Gl, 
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although arresting in other phases such as S, G2 or M are also desirable. 
Alternatively, insert polynucleotides are evaluated to find those that cause 
proliferation of a population of cells, i.e. that allow cells that are generally 
arrested in Gl to start proliferating again; for example, peripheral blood cells, 
terminally differentiated cells, stem cells in culture, etc. 
[0433] Thus, the direct or indirect selection method is useful for isolating the 

following polynucleotides: polynucleotides encoding epitopes and antigens; 
any toxic sequence, for example, apoptosis-inducing genes, genes that arrest 
cell cycle, tumor suppressor genes, dominant negative oncogene variants, 
inhibitors of cell proliferation, and CDK inhibitors; essential genes; and genes 
that induce expression of a suicide gene construct (i.e., a suicide gene operably 
associated with a regulated promoter). Among genes that induce expression of 
a suicide gene include those that promote cell cycle progression and thereby 
induce a cell cycle specific suicide gene construct (i.e., operably associated 
with a cell-cycle specific promoter), those that promote differentiation and 
thereby induce a spatially or temporally regulated suicide gene construct (i.e., 
operably associated with a spatially-regulated or temporally-regulated 
promoter) or a tissue or cell specific suicide gene construct (i.e., operably 
associated with a tissue- or cell-specific promoter) (collectively, 
differentiation-specific promoters), those that interact with another protein in a 
two-hybrid transcription system and thereby induce expression of a suicide 
gene. 

[0434J Thus, the invention provides a method of directly selecting a target 

polynucleotide comprising: (a) providing a plurality of cells which comprise 
(i) packaging function, (ii) transfer plasmid comprising a 5 1 flanking region, an 
insert polynucleotide, and a 3 1 flanking region, (iii) a first virus fragment 
comprising a sequence homologous to the 5 T flanking region, and (iv) a second 
virus fragment comprising a sequence homologous to the 3 1 flanking region; 
(b) culturing the cells under conditions such that the transfer plasmid and virus 
fragments undergo trimolecular recombination, and the insert polynucleotides 
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are expressed, and (c) removing the nonviable cell or the target 
polynucleotide, thereby directly selecting the target polynucleotide. 

[0435] Prior to the direct or indirect selection in a cell line of choice, two or 

several rounds of replication in HeLa or another cell line favorable for 
vaccinia replication may be necessary to dilute out the helper virus from the 
tri-molecular recombination. 

[0436] Thus, preferably, the method comprises contacting a plurality of cells 

with infectious progeny produced by tri-molecular recombination, culturing 
said cells under conditions such that the insert polynucleotides are expressed, 
and removing a nonviable cell expressing the target. 

[0437] Immune System-Mediated Selection. In some embodiments, antigen- 

specific cytotoxic mechanisms such as cell, antibody, and complement- 
mediated cytotoxicity, maybe used to isolate host cells expressing a protein of 
interest. Thus, cytotoxic T cells (CTL), antibody-toxin conjugates, antibody- 
dependent cellular cytotoxicity (ADCC), and complement-dependent 
cytotoxicity (CDC) may be used to select any antigen capable of inducing 
CTL or antibody. 

[0438] The immune-based direct selection method may be used to identify 

target antigens in tumor cells, target antigens in other cells against which it is 
desirable to induce cell-mediated or humoral immunity, or any target epitope 
which is capable of inducing specific CTL or antibody. For example, the 
differential immunogenicity methods of the invention can be applied to 
identify immunogenic molecules of cells infected with virus, fungus or 
mycobacteria by tolerization of mice with uninfected cells followed by 
immunization with infected cells at different times after infection. Isolated 
CTLs or antibodies can be employed to select polynucleotides (e.g. 
recombinants) that encode target antigens in a plasmid or viral expression 
■ library. For example, an expression library can be constructed with cDNA 
isolated from the infected cell in a vaccinia virus vector using tri-molecular 
recombination. 
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[0439J One use of this approach is to identify pathogen-encoded antigens and 

host cell antigens whose expression is altered during infection. Such antigens 
may be useful as a vaccine against infection by the pathogen. 

[0440] Pathogens include all pathogenic agents known in the art. Pathogens 
include, but are not limited to: viral pathogens, such as human 
immunodeficiency virus (HIV), Epstein Bair virus, hepatitis virus, herpes 
virus, human papillomavirus, cytomegalovirus, respiratory syncytial virus; 
fungal pathogens, such as Candida albicans, Pneumocystis carnii; and 
mycobacterial pathogens, such as M. tuberculosis, M. avium. 

[0441] Pathogens also include the bacteria Pseudomonas aeruginosa, 
Mycobacterium tuberculosis, Hemophilus influenzae, Staphylococcus aureus, 
Mycoplasma pneumoniae, Escherichia coli, Streptococcus pneumoniae, 
Neisseria gonorrhoea, Streptococcus viridans, Streptococcus pyogenes, 
Proteus mirabilis, Proteus vulgaris, Salmonella typhimurium, Shigella 
dysentereae, Clostridium difficile, and Klebsiella pneumoniae, and the fungi 
Candida albicans, Aspergillus flavus, Aspergillus fiunagatus, and 
Histoplasmatus capsulatum. 

[0442] Pathogens also include those listed elsewhere herein and otherwise 

known in the art. 

[0443] Cytotoxic T Lymphocytes. In this version of immune-system based 

selection, epitope-specific CTLs are used to select target polynucleotides 
expressing an epitope of interest. 

[0444] The possibility that altered features of a tumor cell are recognized by 

the immune system as non-self and may induce protective immunity is the 
basis for attempts to develop cancer vaccines. Whether or not this is a viable 
strategy depends on how the features of a transformed cell are altered. 
Appreciation of the central role of mutation in tumor transformation gave rise 
to die hypothesis that tumor antigens arise as a result of random mutation in 
genetically unstable cells. Although random mutations might prove 
immunogenic, it would be predicted that these would induce specific 
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immunity unique for each tumor. This would be unfavorable for development 
of broadly effective tumor vaccines. 
[0445] An alternate hypothesis, however, is that a tumor antigen may arise as 

a result of systematic and reproducible tissue specific gene deregulation that is 
associated with the transformation process. This could give rise to 
qualitatively or quantitatively different expression of shared antigens in certain 
types of tumors that might be suitable targets for immunotherapy. Early 
results, demonstrating that the immunogenicity of some experimental tumors 
could be traced to random mutations (De Plaen, et al., Proc. Natl Acad. Sci. 
USA 55:2274-2278 (1988); Srivastava, & Old, Immunol Today 9:1% (1989)), 
clearly supported the first hypothesis. 
[0446] There is, however, no a priori reason why random mutation and 

systematic gene deregulation could not both give rise to new immunogenic 
expression in tumors. Indeed, more recent studies in both experimental 
tumors (Sahasrabudhe, et al, 7. Immunology 757:6202-6310 (1993); Torigoe, 
et al, J. Immunol 147:3251 1991)) and human melanoma (van Der Bruggen, 
et al, Science 254:1643-1647 (1991); Brichard, et al, J. Exp. Med 775:489- 
495 (1993); Kawakami, et al, Proc. Natl. Acad. Set USA P7:3515-3519 
(1994); Boel, et al, Immunity 2:167-175 (1995); Van den Eynde, et al, J. Exp. 
Med. 752:689-698 (1995)) have clearly demonstrated expression of shared 
tumor antigens encoded by deregulated normal genes. The identification of 
MAGE-1 and other antigens common to different human melanoma holds 
great promise for the future development of multiple tumor vaccines. 
[0447] The most widespread and to date most successful approach to identify 

immunogenic molecules uniquely expressed in tumor cells is to screen a 
cDNA library with tumor-specific CTLs (cytotoxic T lymphocytes). 
Application of this strategy has identified several gene families expressed 
predominantly in human melanoma. Two major limitations of this approach, 
however, are that (Smith, E. S., et al, Nat. Med. 7:967-972 (2001)) screening 
requires labor intensive transfection of numerous small pools of recombinant 
DNA into separate target populations in order to assay T cell stimulation by a 
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minor component of some pool; and (Brown, M. L., et al., Annu. Rev. Public 
Health 22:91-1 13 (2001)) target cells must be highly transferable in order to 
take up cDNA for screening. Only two commonly employed cell lines have 
the requisite properties, Cos 7 and 293. However, since a fundamental 
property of T cells is that they are restricted to recognize peptide epitopes 
presented in association with MHC molecules, these African Green Monkey 
cells do not express the appropriate human MHC molecules. Although it is 
possible to co-transfect MHC genes, it is often unclear which of the six 
possible MHC class I or MHC class II alleles in a heterozygous individual are 
required for presentation of the target peptide epitope. By constructing cDNA 
libraries in an infectious vector with a very broad host range, it is possible to 
employ as the target cell autologous fibroblasts, epithelial cells or EBV 
transformed B cells that naturally express the full complement of relevant 
MHC molecules. In contrast, alternatives to screening cDNA libraries, such as 
the use of tandem HPLC/mass spectrometry to screen peptides eluted from 
tumor cells, have the limitation that very large numbers of tumor cells are 
required for peptide purification, quantities which are not normally available 
from patient samples. 

[0448] In a preferred embodiment, human tumor-specific T cells are isolated 

by stimulation with either autologous tumor or autologous antigen presenting 
cells pulsed with tumor cell lysates and these T cells are employed to screen 
expression libraries generated from tumor cell DNA, RNA or cDNA to 
identify reactive target antigens. 

[04491 Thus, in this embodiment of the invention, tumor-specific or infection- 

specific CTLs generated in animals are used to screen expression libraries 
generated from tumor cell or infected cell DNA, RNA or cDNA to identify 
reactive target antigens. To this end, animals tolerized with a non-tumorigenic 
or non-infected human cell line are immunized with tumor cells or infected 
cells derived from the non-tumorigenic or non-infected cell line. In an 
alternative embodiment, tumor-specific or infection-specific CTLs generated 
in vitro are used to screen expression libraries. The resulting CTLs, which are 



WO 2004/037993 



PC17US2003/033557 



-98- 

tumor-specific or infection-specific and not cross-reactive with normal cells, 
can be used to screen expression libraries constructed from tumor cell- or 
infected cell-derived DNA, RNA or cDNA. Clones so identified in the library 
encode target antigens which are candidates for the immunogenic 
compositions and vaccines of the invention. Improved and modified vaccinia 
virus vectors for efficient construction of such DNA libraries using a 
"trimolecular recombination" approach are described to improve screening 
efficiency. 

[04501 Animals, such as normal or transgenic mice, may be toleiized with 

normal cells or lysates thereof prior to immunizing with tumor cells or cells 
infected with a pathogen, or a lysate thereof. Tolerance induction is preferred 
because the animal's immune response would otherwise be dominated by 
specificity for a large number of broadly expressed human proteins that are not 
specifically associated with tumor transformation or infection. In a 
particularly preferred embodiment, and to enhance the efficiency of this 
approach, it is convenient to work with human tumors that are derived from an 
immortalized, non-tumorigenic human cell line by in vitro carcinogenesis or 
oncogene transformation. This provides a ready source of the normal control 
cells for an extended tolerization protocol in both neonatal and adult mice. 
For example, CTLs generated by this approach (see Examples 15-18) can be 
employed in a selection procedure (such as that described in Examples 3-4) to 
isolate recombinant clones (i.e. target polynucleotides) that encode the target 
antigens from a tumor cDNA library, for example, such as that constructed in 
vaccina virus by tri-molecular recombination (see Example 2). 

[0451] Antibody-based Selection. In other versions of immune-based 

selection, the host cells are exposed to an antibody or plurality of antibodies 
directed against an epitope of interest This results in formation of an antigen- 
antibody complex at the cell surface. Alternatively, the complexes are 
contacted with a second antibody or plurality of antibodies directed against the 
first antibody. The second antibody may be conjugated with a toxin, or 
alternatively, the first antibody is conjugated with a toxin. 
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[0452] Alternatively, complement-dependent cytotoxicity (CDC) or antibody- 

dependent cellular cytotocity (ADCC) is used to select target polynucleotides. 
See U.S. Pat. No. 5,500,362 for ADCC and CDC assays. Such assays may be 
modified for use in the present selection method by, for example, omitting the 
51 Cr labeling of cells, as will be apparent to one of ordinary skill in the art. 
See, e.g. Hellstrom et al 9 Proa Natl Acad. Sci. USA 52:1499-1502 (1985). 
The complement or cell mediators of ADCC may be added to the antigen- 
antibody complexes. Alternatively, the antibody and cell mediators of ADCC 
may be combined prior to contacting the host cells. 

[0453] Cells expressing the antigen are thus induced to undergo lysis or other 

mechanisms leading to nonadherence. Nonviable cells, and the cell contents 
of lysed cells are separated from viable cells. Alternatively, the antibody is 
labeled and the cells are separated by FACS. In another alternative, the cells 
adhere to a magnetic solid support, such as a magnetic bead, via antibody on 
the surface of the solid support and are separated from nonadherent cells by 
the use of a magnet. 

[0454] As used herein, the term "antibody" (Ab) or "monoclonal antibody" 

(Mab) is meant to include intact molecules as well as antibody fragments 
(such as, for example, Fab and F(ab f )2 fragments) which are capable of 
specifically binding to the protein encoded by a target polynucleotide. If 
ADCC- or complement-mediated cell killing is utilized in the direct or indirect 
selection method, the antibodies preferably include an Fc portion. Mouse 
IgGba and IgG3 and human IgGi and IgCb isotypes are most commonly 
associated with antibody-dependent cellular cytotoxicity and complement- 
dependent cytotoxicity. 

[0455] These antibodies can be, for example, polyclonal or monoclonal 

antibodies. The present invention also includes chimeric, single chain and 
humanized antibodies, as well as Fab fragments, or the product of an Fab 
expression library. Various procedures known in the art can be used for the 
production of such antibodies and fragments. 
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[0456] The antibodies used according to the present invention may be directed 

against the antigen of interest or against a family of related antigens. A single 
antibody or a group of antibodies may be used, the choice depending upon the 
nature of the target antigen, its anticipated frequency, and other variables that 
will be apparent to those of skill. Target antigens expressed on the surfaces of 
host cells will form an antigen-antibody complex. Methods of preparing 
antibodies or fragments thereof for use according to the present invention are 
known to those of skill and/or disclosed in the scientific literature listed below. 

[0457] Receptors and Ligands. The present invention may also be used to 

directly select for the cognate receptor of a known ligand, hapten, or epitope, 
for example, by contacting host cells containing an expression library with a 
labeled ligand or a ligand conjugated to a toxin. The known ligand may be 
soluble or may be associated with membrane bilayers or a solid support such 
as beads, etc. The known ligand may be another receptor, or fragment thereof > 
which binds the receptor encoded by the target polynucleotide. In another 
embodiment, the ligand of a known receptor is identified. For example, insert 
polynucleotide (e.g. DNA) is cloned in-frame with a polynucleotide (e.g. 
DNA) sequence encoding a receptor transmembrane domain. The 
transmembrane domain may be naturally occurring, or nonnaturally occurring. 
The transmembrane domain directs the polypeptide (candidate ligand) 
encoded by the insert polynucleotide (e.g. DNA) to be expressed on the cell 
surface. See U.S. 5,866,341. The cells are contacted with receptor 
polypeptide or a fragment thereof. The receptor or receptor fragment may be 
labeled or may be conjugated to a toxin. The receptor or receptor fragment 
may be soluble, hydrophobic, associated with membranes, associated with 
membrane vesicles, associated with lipid bilayers, associated with lipid bilayer 
vesicles, associated with a solid support such as beads, etc. Labels for ligands, 
receptors, etc., include those in Example 14 for antibodies. 
[0458] As another example, the host cells are contacted with an antibody 

which recognizes the receptor or ligand encoded by the target polynucleotide. 
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Alternatively, the host cells are contacted with known ligand, and the antibody 
recognizes the ligand, the receptor, or the ligand-receptor complex. 
[0459J As used herein, the term "receptors" means any protein capable of 

specifically binding a ligand, hapten, or epitope. Examples of receptors that 
may identified by binding known ligand, epitopes, or haptens, include 
adhesion molecules such as cadherins, selectins, fasciclins, integrins, 
leukocyte adhesion receptor, neuroglian, VIA family molecules and the like. 
Examples of receptors that may identified by binding to known growth factors 
include growth hormone receptors, insulin receptors, interleukin receptors and 
the like. Examples of receptors that may identified by binding to known 
ligands include chemokine receptors and G-protein coupled receptors. 
Examples of specific protein binding interactions useful in the instant 
invention are described in Creighton, T.E., in Proteins, Structure and 
Molecular Principles, WJJ. Freeman and Company, New York, NY (1984); 
and, adhesion molecules are described in Pigott, R., et al, in The Adhesion 
Molecule, Academic Press, Harcourt Brace & Co., New York, NY (1993). 

[04601 Nondividing Cells. A major technical obstacle to identifying candidate 

pharmaceutical targets is the nondividing state of terminally differentiated 
such as musculoskeletal or other cells. Because vectors currently used for 
library production do not replicate in nondividing cells, it is not possible to 
recover a gene of interest in nondividing cells by conventional methods. 
Moreover, it is difficult to identify an expressed gene in a library based on its 
function using some current cloning vectors because of the low expression 
level of cloned genes. Although vaccinia-based vectors replicate in 
nondividing cells and express polypeptides encoded by insert polynucleotides 
(e.g. DNA) at a high level, the very low cloning efficiency of vaccinia using 
homologous recombination and the low titers obtained through direct ligation 
have precluded the use of vaccinia virus for library production. 

[0461] The trimolecular recombination method of the present invention 

overcomes the obstacle of low cloning efficiency or low titer in vaccinia virus. 
As described herein, recombination efficiencies of 90% to 100% and relatively 
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high titers have been achieved using trimolecular recombination. This 
contrasts with efficiencies of less than 1% using standard methods. For 
example, combining trimolecular recombination, in vitro stem cell 
differentiation of cells such as musculoskeletal cells, and direct or indirect 
selection, allows for the identification of genes that control growth and 
development. The genes identified are candidate pharmaceutical targets. 
[0462] Additionally, it will be possible to identify insert polynucleotides (e.g. 

DNAs) which stimulate proliferation of nondividing cells, for example, using 
a cell cycle-specific promoter or a promoter induced during proliferation, 
coupled to a suicide gene. The nonadherent cells are those that express an 
insert polynucleotide (e.g. DNA) which induces proliferation, while the 
normally nondividing cells which do not contain such an insert remain 
adherent.Functional Gene Discovery. One of the most powerful tools 
available to molecular biologists for gene discovery has been the ability to 
efficiently screen representative cDNA libraries constructed in lambda phage. 
Many microbial and some classes of mammalian genes were first detected and 
isolated by using functional or biochemical assays to screen lambda phage 
libraries. In spite of the enormously important advances enabled by this 
technology, lambda phage only grow in bacterial cells, thus, they are not 
useful for functional studies in eucaryotic cells. No bioassay that depends on 
cell differentiation or protein processing characteristic of mammalian cells can 
be employed to screen lambda phage libraries. The presently available 
solutions to this problem are to employ relatively inefficient methods for 
introducing DNA into mammalian cells by transfection or, if the efficiency of 
an infectious vector is crucial, to employ cDNA libraries constructed in a 
retroviral vector. This latter approach is indeed powerful but it too suffers 
from significant limitations. Retroviral expression depends on integration of 
the viral genome into nuclear DNA. This gives rise to numerous influences on 
expression levels that are a function of the locus of integration. More 
importantly, the retroviral genome cannot be recovered from cells that are no 
longer dividing. As a result this technology also cannot be applied to 
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bioassays for which the readout is either terminal differentiation or cell death. 
This is not just an uninteresting special situation. It is fundamental to 
identifying critical genes involved in many important biological processes 
including the pathways whereby stem cells give rise to fully differentiated, 
non-proliferating tissue components, the mechanisms of apoptosis, as well as 
the targets of immune cytotoxicity described above. 
[0463] The methods described here open this door to discovery. They teach 

how to construct a representative cDNA library in a vector infectious for 
mammalian cells and they describe how genes that function in cell 
differentiation or cell death can be selected from such a library. The viral 
vectors described can be employed as the "lambda phage" of mammalian 
cells. 

[0464] Suicide Genes. In another embodiment, a target polynucleotide is 

selected based on its induction of a suicide gene construct. The target 
polynucleotide may encode a transcript and/or a polypeptide which stimulates 
expression of the suicide gene. By "suicide gene construct" or "suicide gene" 
is meant a nucleic acid which causes cell death when expressed. 
Polynucleotides useful as suicide genes include apoptosis-inducing genes such 
as p53 and other toxic sequences and cell death-inducing sequences which are 
known in the art, and include those disclosed herein. In this embodiment, the 
host cells are engineered to comprise a suicide gene construct, as described in 
Examples 7, 11, and 12, and in the section below. Preferred suicide genes 
include the toxins disclosed in Example 14 (antibody section) such as 
Pseudomonas exotoxin A chain, diphtheria A chain, ricin A chain, abrin A 
chain, modeccin A chain, alpha-sarcin, etc. 

[0465] Sensitization to an Agent. In another modification, the method can be 

used to select target polynucleotides which sensitize host cells to killing by an 
agent. Such an agent may include an infective agent, a DNA-damaging agent, 
a therapeutic agent, an antisense construct, etc. 

[0466] Thus, in this embodiment, the direct selection method comprises: 

providing a plurality of host cells which contain recombinant vector 
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comprising insert polynucleotides; culturing the host cells under conditions 
such that the insert polynucleotides are expressed; exposing the host cells to a 
compound which induces death in a cell expressing the target polynucleotide; 
removing the nonviable cell or the target polynucleotide, thereby directly 
selecting the target polynucleotide. 
[0467] Alternatively, an indirect selection method may be used, wherein the 

host cells are sensitive to an agent, and the target polynucleotide desensitizes 
cells to that agent. Thus, viable cells would be selected in an indirect selection 
method. 

[0468] Antisense. Antisense molecules are usually single stranded DNA or 

RNA molecules, or their substituted analogues, which down-regulate 
expression of gene products, for example, by binding to the target RNA 
through Watson and Crick base pairing and prevent the translation of these 
RNAs or enhancing mRNA degradation (Stein CA, Antisense Nucleic Acid 
Drug Dev 5(2): 129-32 (1998); Crooke ST, Antisense Nucleic Acid Drug Dev 
S(2):115-22 (1998); Akhtar S, J Drug Target 5(4):225-234 (1998); Mizuno, 
T.,etaL, Proc. Natl Acad. Set USA SI: 1966-1 970 (1984); Crooke ST, 
Biotechnol Genet Eng Rev 75:121-157 (1998); Zamecnik, in Prospects for 
Antisense Nucleic Acid Therapy of Cancer and Aids, ed, Wickstrom, Wiley- 
Liss, New York)). They are usually 15 to 30 nucleotides long, but can be as 
long as the full length RNA transcript and have been used widely to inhibit 
expression of various proteins (Zamecnick, P.C. and Stevenson, MX. Proc. 
Natl Acad. Sci., USA, 75, 280 (1978); Agrawal, S., Proc. Natl Acad. Sci., 
USA S5:7089, (1988)). 

[0469] Thus, in another embodiment, a target polynucleotide which encodes a 

product necessary or essential for cell adherence, viability, etc., is isolated 
based on antisense inhibition of the endogenous transcript. In this 
embodiment, the insert polynucleotides are cloned in the library vector in 
either orientation. 

[0470] In an alternative embodiment, a target polynucleotide which encodes a 

negative regulator of a product necessary for cell adherence, viability, etc., is 
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selected based on antisense inhibition of the endogenous transcript. Thus, the 
host cells are unable to adhere, or to remain viable, or to grow, etc., and a 
target polynucleotide is selected that allows host cells to adhere, remain 
viable, or grow, etc. In this embodiment, the insert polynucleotides are cloned 
in the library vector in either orientation. 

[0471] By "antisense" is meant nucleotide sequences which are 

complementary to a specific DNA or RNA sequence. The term "antisense 
strand" is used in reference to a nucleic acid strand that is complementary to 
the "sense" strand. Antisense molecules may be produced by any method, 
including synthesis by ligating the insert polynucleotides in a reverse 
orientation to a viral promoter which permits the synthesis of a 
complementary strand. Once introduced into a cell, this transcribed strand 
combines with natural sequences produced by the cell to form duplexes. These 
duplexes then block either transcription or translation of the natural sequence. 
In this manner, nonviable phenotypes may be generated. The designation 
"negative" is sometimes used in reference to the antisense strand, and 
"positive" is sometimes used in reference to the sense strand. 

[0472] Differentiation Genes. Many mammalian cells in culture require the 

presence of factors in the media which permit growth. In the absence of such 
factors, many cell types do not grow in tissue culture. In several cases the 
relevant factors have been defined- For example, in the absence of exogenous 
interleukin-2, certain T cells do not proliferate in culture. 

[0473] Melanoma formation proceeds via a series of steps through which 

normal melanocytes evolve into fully metastatic melanomas. During this 
process the progressing tumor cells gradually lose their requirements for 
specific exogenous factors (Table 1). Normal melanocytes require factors such 
as phorbol ester, fibroblast growth factor (FGF), melanocyte stimulating 
hormone-alpha (MSH-oc), insulin, or insulin-like growth factor-1 (IGF-1). In 
contrast, metastatic melanoma cells often require none of these factors. Cell 
lines with intermediate phenotypes require progressively fewer factors. Genes 
responsible for circumventing the requirement for various growth factor can 
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be identified by introducing libraries produced from cell lines arrested at later 
stages of transformation into cell lines arrested at earlier stages of 
transformation. The recipient cell line contains a suicide gene which is 
activated if the cells go beyond their usual stage of transformation, thus 
allowing the direct or indirect selection of genes involved in tumorigenesis 
and metastasis. 

TABLE 1 



Gradual Loss of The Growth Factor Requirement of Melanocytes During 

Melanoma Formation 

MELANOMA PROGRESSION 



Cell Type 


Requirements 


Phenotype 


Melanocyte 


TPA 


Nonrai 


FGF 


a-MSH 


IGF-1 


Nevus 


TPA 


Similar to melanocyte 


FGF 


a-MSH 


IGF-1 


Early melanoma 


FGF1 


Immortalized 


a-MSH 


IGF-1 


Primary melanoma 


IGF-1 


Tumorigenic 


Metastatic melanoma 




Migratory 



[0474] The direct or indirect selection method may be used to isolate genes 

involved in differentiation using any tissue or cell specific promoter to drive a 
suicide gene. For example, to identify a gene involved in myeloid cell 
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development, hematopoietic stem cells would be engineered to contain a 
' suicide gene under the control of a myeloid cell/tissue specific promoter such 
as CD lib. The hematopoietic stem cells are then used as host cells in the tri- 
. molecular recombination method and/or direct or indirect selection method. 
As another example, murine ES cells are engineered which express a suicide 
gene upon differentiation into myeloid cells. In this example, the ES cells 
may be electroporated with CDllb promoter driving a suicide gene and 
selected with hygromycin to obtain stable clones. After transfer into the ES 
cells, target polynucleotides would be selected by expression of the suicide 
gene, or alternatively, by lack of expression of the suicide gene. 
[04751 Examples of other tissue restricted promoters are listed below but this 

invention may be carried out using any promoter with restricted expression. 
"Tissue restricted promoters" are also referred to herein and elsewhere as 
differentiation-specific promoters, and other grammatically equivalent or art- 
known terms. 

[0476] Neural: Neuron specific Rip subunit of cAMP-PK promoter, 

Tryptophan Hydroxylase promoter, Neural specific enolase promoter, 
Tyrosine hydroxylase promoter, Tal a-tubulin promoter. 

[0477] Lung: al collagen gene promoter, rat clara cell 10 protein promoter, 

human surfactant protein SP-C promoter, preproendothelin promoter. 

[0478] Liver: human apolipoprotein E promoter. 

[0479] Heart: alpha B crystallin promoter, murine alpha myosin heavy chain 

promoter. 

[0480] Thymus : lck proximal promoter. 

[0481] T cells: CD2 promoter, CD4 promoter, CD3 promoter. 

[0482] B cells: IGE^ CD19 promoter. 

[0483] Osteoclast and osteoblast specific promoter: Mouse pro-otl(I) 

promoter, Tartrate Resistant Acid Phosphatase (TRAP) promoter, CDllb 
promoter. 

[0484] A wide variety of cells may be used as recipients, including stem cells, 

pluripotent cells such as zygotes, embryos, ES cells, other cells such as 
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lymphoid and myeloid stem cells, neural stem cells, transformed cells such as 
tumour cells, infected cells, differentiated cells, etc. Suicide gene constructs 
may be introduced into the cells by any convenient means, for example, 
conventional techniques such as transfection (e.g. lipofection, calcium 
phospate precipitation, eiectroporation, etc.), microinjection, viral infection, or 
any other means known in the art and/or disclosed herein. 
[0485] Examples of ES cell lines which may be used in this invention are: 

porcine (e.g. U.S. Patent 5,523,226, "Transgenic Swine Compositions and 
Methods"); murine (e.g. D3, Rl, CGR8, AB1 ES cell lines); primate (e.g. 
rhesus monkey); rodent; marmoset; avian (e.g. chicken); bovine; rabbit; sheep; 
and horse. 

[0486] Genes Involved in Musculoskeletal Disease. Musculoskeletal diseases 

are highly prevalent in our society. With the continual aging of our population 
the physical, mental and financial burden of conditions like osteoarthritis 
(which affects 40 million Americans) and osteoporosis (which affects 25 
million Americans) are predicted to increase significantly. Thus, there is a 
tremendous demand for the development of effective therapeutic interventions 
for these diseases. Unfortunately, our limited understanding of both the 
etiology of these diseases and the basic molecular and cellular biology of the 
musculoskeletal system has greatly hampered efforts to identify potential 
targets for therapeutic intervention. Tissue culture techniques have been 
developed that allow progenitor stem cells to develop in vitro into functionally 
mature, terminally differentiated cells such as chondrocytes, osteoblasts, 
osteoclasts, and myocytes. Using these techniques, it is possible to investigate 
the regulation of musculoskeletal cell differentiation. 
[0487] A major technical obstacle to identifying candidate pharmaceutical 

targets is the nondividing state of terminally differentiated musculoskeletal 
cells. The vectors currently used for library production do not replicate in 
nondividing cells, thus it is not possible to recover a gene of interest by current 
methods. Moreover, it is difficult to identify an expressed gene based on its 
function using some current cloning vectors because of the low expression 
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level of cloned genes. Although vaccinia-based vectors replicate in 
nondividing cells and express polypeptides encoded by insert polynucleotides 
(e.g. DNA) at a high level, the very low cloning efficiency of homologous 
recombination and the low titers obtained using direct ligation has limited 
vaccinia's utility as a vector for library production. Thus, vaccinia vectors 
have not been used to identify previously unknown polynucleotides (e.g. 
genes) of interest from a complex population of clones (i.e. insert 
polynucleotides). 

[0488] The trimolecular recombination method of the present invention 

overcomes the obstacle of low cloning efficiency in vaccinia virus. As 
described herein, recombination efficiencies of 90% to 100% with relatively 
high titers have been achieved using trimolecular recombination. This 
contrasts with efficiencies of less than 1% using standard methods. 
Combining trimolecular recombination, in vitro musculoskeletal cell 
differentiation, and direct or indirect selection allows the identification of 
genes that control growth and development. The genes identified are 
candidate pharmaceutical targets. 

[0489] Stem cells. The genes that regulate differentiation of mature tissues 

from precursors or stem cells have been especially difficult to study because 
terminally differentiated cells often cease to proliferate. As a result it is in 
effect impossible to recover specific functional genes that induce 
differentiation* following DNA transfection or retroviral transduction in current 
methods. It is, however, possible to design a system using poxvirus or other 
vectors that takes advantage of differentiation-induced cell death. Under these 
conditions, genes that promote differentiation can be isolated from a vaccinia 
or other library that "expresses polynucleotides (e.g. cDNA) of the 
differentiated cell type by "lethality based selection" or other selection 
methods of the invention. 

[0490] Every differentiated cell is distinguished from its precursors by 

expression of some specific gene product. Transcriptional activation of the 
promoter for that gene often serves as a surrogate marker of differentiation. If 
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a construct of that specific promoter driving expression of a toxin such as the 
diphtheria A chain is transfected into a proliferating precursor, then any gene 
that promotes differentiation will result in cell death. If a differentiation 
promoting insert is introduced as a recombinant in a vector (e.g. a vaccinia 
expression vector), then it can be readily recovered from dying differentiating 
cells. These methods are applicable to any stem cell population that can be 
induced to differentiate into a defined cell type or tissue. Stem cells have been 
described for a wide variety of tissues including but not limited to different 
types of blood cells, epidermal cells, neurons, glial cells, kidney cells, and 
liver cells. Also among these are the different stem cells of the 
musculoskeletal system including the precursors of chondrocytes, osteoblasts, 
osteoclasts, and myocytes. 
[0491] Osteoclasts. Bone is the only organ that contains a cell type, the 

osteoclast, whose function is to destroy the organ in which it develops and 
resides. This destruction, or resorption, of bone occurs throughout life and in 
the healthy individual is counterbalanced by de novo bone formation in a 
processs called bone remodeling. The genetic control of osteoclast 
differentiation is a well understood example of stem cell differentiation. The 
methods and strategies of the present invention can be applied to identify 
genes that regulate stem cell differentiation in pathways leading to 
differentiated cells such as osteoclasts. This is illustrated specifically for the 
analysis of osteoclast differentiation. 
[0492] Strategies are described to detect and isolate genes that positively or 

negatively regulate differentiation including genes that are expressed in the 
differentiating cell itself or that are a secreted product of another cell which 
influences differentiation in a paracrine fashion. In any case a cell type or cell 
line that can be induced to differentiate into mature osteoclasts in response to a 
specific signal, preferably RANK Ligand (RANKL), is employed to detect and 
isolate polynucleotides (e.g. genes expressed in a recombinant vaccinia virus 
library) that regulate osteoclast differentiation. In a preferred embodiment, 
RAW cells are employed. RAW cells are a continuously growing murine 
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myelomonocytic cell line that can be induced to differentiate into osteoclasts 
by treatment with a range of concentrations of RANK ligand (RANKL), 
preferably 10 ng/ml (Hsu, H. et al t Proc Natl Acad Sci USA P5(7):3540-3545 
(1999); Owens, J. M. et al, J Cell Physiol 179:110 (1999)). These or 
similarly responsive cells can be transfected with a suicide gene construct 
comprising a promoter that normally drives expression of a gene product that 
is recognized as a marker of fully differentiated osteoclasts but which is linked 
in this construct to a suicide gene. In a preferred embodiment the promoter is 
that of the osteoclast differentiation marker TRAP and the suicide gene 
encodes the A chain of diphtheria toxin (TRAP/DT-A). 

Detection And Isolation of Genes That Positively Regulate Differentiation 

[0493] DNA sense strand based strategy. A vaccinia library, preferably a 

cDNA library, is constructed for functional gene selection, for example, using 
cDNA derived from cells that include but are not limited to mature bone 
marrow derived osteoclasts, or RAW cells or other precursors that have been 
induced to differentiate into osteoclasts. cDNA may be isolated from either 
fully mature cells or cells that have been induced to initiate the differentiation 
program but have not yet completed the process and may express higher levels 
of the downstream regulatory products. RAW cells or other osteoclast 
progenitor cells that have been transfected with a TRAP/DT-A or similar 
suicide gene construct are infected with the vaccinia cDNA library. Infection 
at a multiplicity of infection (MOT) of between 0.1 and 10 is preferred. Any 
vaccinia recombinant that encodes a gene product that promotes 
differentiation to the mature TRAP expressing phenotype will result in 
synthesis of the suicide gene, and death of the host cell. Such cells and their 
contents will be released from the cell monolayer. Vaccinia virus 
recombinants extracted from the cells and cell contents released into the 
culture supernatant (i.e. liquid medium or culture medium) are enriched for the 
desired vaccinia recombinants. This selection process can be repeated through 
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multiple cycles until the desired level of enrichment is achieved. TRAF6 
(Lomaga, M. A. et al, Genes Dev 13:1015 (1999)), c-Fos (Wang, Z. Q. et al, 
Nature 360:741 (1992)), and c-Src (Soriano, P. et al , Cell 64:693 (1991)), are 
examples of the type of positive regulators of osteoclast differentiation that 
can he isolated through this method. 

[0494] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art 

[0495] DNA antisense strand based strategy. A limitation of the insert 

expression strategy is that certain regulatory products, for example those 
encoded by very long cDNA, may be difficult to clone as a functional full- 
length product. Antisense inhibition is an alternative strategy that does not 
depend on cloning of full-length cDNA. In this case, total cDNA derived 
from the same cells as in the sense strand based strategy is cloned into the 
vaccinia transfer plasmid in a manner preventing translation, such as in reverse 
orientation. The resulting insert cannot produce the normal product but can 
down-regulate expression of the endogenous mRNA and/or protein sequence, 
such as by hybridizing to and inhibiting translation or promoting degradation 
of complementary cellular mRNA sequences. RAW cells or other progenitor 
cells containing insert polynucleotides (e.g. DNA) in a vector and also 
containing TRAP/DT-A or similar suicide construct are treated with an agent 
that induces differentiation, for example, 10 ng/ml RANKL. Under these 
conditions almost all host cells differentiate and undergo suicide gene- 
mediated death. Only cells containing a recombinant vector with an insert that 
inhibits expression of an essential regulator of differentiation will survive and 
remain adherent Virus extracted from the remaining adherent monolayer will, 
therefore, be enriched for sequences homologous to the desired positive 
regulators of differentiation. 

[0496] This selection process can also be repeated through several cycles until 

the desired degree of enrichment of recombinants in the adherent monolayer is 
achieved. The antisense polynucleotide (e.g. gene) fragments obtained can be 



WO 2004/037993 



PCT/US2003/033557 



-113- 

employed to select the actual full-length coding sequence. TRAF6 (Lomaga, 
M. A. et ai, Genes Dev 73:1015 (1999)), c-Fos (Wang, Z. Q. et al, Nature 
360:741 (1992)), and c-Src (Soriano, P. et al , Cell 64:693 (1991)), are 
examples of the types of positive regulators of osteoclast differentiation that 
can be isolated through this method. 
(0497] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art. 

Detection and Isolation of Genes That Negatively Regulate Differentiation. 

[0498] DNA sense strand based strategy. A vaccinia library is constructed 

from insert polynucleotides (such as DNA, for example, cDNA) derived from 
cells that include but are not limited to bone marrow derived osteoclastic 
progenitors, an enriched fraction of progenitors, or RAW cells or other 
precursors that have been induced to differentiate into osteoclasts. 
Polynucleotides such as cDNA may be isolated from cells that include but are 
not limited to immature precursor cells or cells that have been induced to 
initiate the differentiation program but have not yet completed the process and 
may express higher levels of the downstream regulatory products. 

[0499] It is of particular interest to determine whether other alternative cell 

types that have irreversibly differentiated from the same stem cell population 
express inhibitory factors for differentiation of the alternative lineages. For 
example, dendritic cells differentiate from the same precursors that under 
other conditions give rise to osteoclasts. cDNA is cloned in the sense 
orientation for infection of indicator (i.e. host) cells transfected with TRAP/ 
DT-A or similar suicide construct as described above. The indicator (i.e. host) 
cells are treated with an agent that induces differentiation, preferably 10 ng/ml 
RANKL. Under these conditions almost all transfectants differentiate and 
undergo suicide gene mediated cell death. Only cells that are infected with, 
i.e., contain, a vaccinia recombinant that inhibits differentiation will survive 
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and remain adherent. Virus extracted from the remaining adherent cells will, 
therefore, be enriched for sequences homologous to the desired negative 
regulators of differentiation. This selection process can be repeated through 
several cycles until the desired degree of enrichment of recombinants (i.e. 
target polynucleotides) in the adherent monolayer is achieved. A negative 
intracellular regulator of osteoclast differentiation has not yet been isolated. 
However, it has been suggested that the Est-1 transcription factor plays such a 
role in differentiation of B lymphocytes (Bories, J. C. et ah Nature 
377(6550):635-638 (1995)). 
[0500] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art. 
[0501] DNA antisense based strategy. Polynucleotides such as total cDNA 

derived from the same cells as in the sense strand based strategy above is 
cloned into the vaccinia vector in reverse orientation so that the recombinant 
gene product synthesized in infected cells cannot encode the normal gene 
product but can hybridize to and inhibit translation or promote degradation of 
complementary cellular mRNA sequences. If the targeted sequence encodes 
an essential factor that inhibits cell differentiation, then in the absence of an 
effective inhibitory signal RAW cells or other progenitor cells transfected with 
TRAP/DT-A or similar suicide construct will either spontaneously 
differentiate or will differentiate in response to otherwise suboptimal signals. 
Differentiation to the mature TRAP expressing phenotype will result in 
synthesis of the toxin, i.e., suicide gene, and death of the infected cell. Such 
cells and their contents will be released from the cell monolayer. Vaccinia 
virus recombinants extracted from the cells and cell contents released into the 
culture supernatant (i.e. liquid medium or culture medium) are enriched for 
sequences homologous to the desired negative regulators of differentiation. 
This selection process can be repeated through multiple cycles until the 
desired level of enrichment is achieved. The antisense gene fragments 
obtained can be employed to select the actual full-length coding sequence. A 
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negative intracellular regulator of osteoclast differentiation has not as yet been 
isolated. However, it has been suggested that the Est-1 transcription factor 
plays such a role in differentiation of B lymphocytes (Bories, J. C. et at 
Nature 377(6550):635-638 (1995)). 
[0502] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art. 

Detection and Isolation of Secreted Products That Regulate Differentiation 

[0503] Maiiy of the methods described so far select for polynucleotides (e.g. 

genes) that promote cell lethality or loss of adherence. In a preferred 
embodiment of the methods described so far it is envisioned that the insert 
polynucleotide (e.g. cDNA, gene or other DNA) populations tested are or can 
be both expressed and function in the same type of cell. In another 
embodiment polynucleotides (e.g. cDNA, gene or other DNA) expressed in 
one type of cell may function in the activation or differentiation of another 
type of cell. If such gene products can also function in autocrine fashion when 
they are introduced into the target indicator cell, then the strategies that can be 
employed remain the same, only the source of polynucleotide (e.g. cDNA, 
gene, or other insert DNA) incorporated into a vaccinia library is different. 
However, if the polynucleotide (e.g. cDNA, gene, or other insert DNA) to be 
identified and isolated functions only in paracrine fashion, such that it is being 
produced in one cell and affects activation or differentiation of a second cell, 
then the strategy of "lethality based" (e.g. lysis/nonadherence based) selection 
described in the previous paragraphs is not applicable since the expressing cell 
does not itself become non-viable or non-adherent Nevertheless, as described 
below, the efficiency with which vaccinia recombinants can be introduced in a 
wide variety of cells and the high level of expression from replicating viral 
genomes is a great advantage for screening functional gene expression even 
where direct selection is not possible. 
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[0504] A vaccinia library is constructed in the sense orientation from insert 
polynucleotides (e.g. DNA, preferably cDNA) derived from cells that include 
but are not limited to bone marrow derived stromal cells and/or lymphoid 
cells. Producer cells are selected that do not either induce or inhibit induction 
of differentiation of RAW cells or other osteoclast progenitors. These may 
include but are not limited to fibroblastoid or lymphoid cells and cell lines or 
RAW cells themselves. In a preferred embodiment, RAW cells are employed 
as an indicator target for differentiation. These or similarly responsive cells 
are transfected with an indicator gene (e.g. reporter gene) construct comprising 
a promoter that normally drives expression of a gene product that is 
recognized as a marker of fully differentiated osteoclasts but which is linked in 
this construct to expression of an easily detected indicator gene (e.g. reporter 
gene) product In a preferred embodiment the promoter is that of the 
osteoclast differentiation marker TRAP and the indicator gene (e.g. reporter 
gene) encodes the enzyme luciferase (TRAP/luciferase). 

[0505] Multiple cultures of producer cells are separately infected with 

recombinant vaccinia virus expanded from a small initial pool, preferably an 
initial pool of between 1 and 1000 viral pfa is expanded to 10 to 10,000 pfu 
prior to infection of between 100* and 10,000 producer cells. Each pool of 
infected producer cells is cocultured with indicator cells that have been 
transfected with TRAP/luciferase or a similar indicator construct. 

[0506] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art. 

[0507] Secreted molecules that induce differentiation. Membrane expression 

or secretion of any recombinant polynucleotide (e,g, gene or other insert 
DNA) that promotes differentiation of the indicator cells to the mature TRAP 
expressing phenotype will result in synthesis of luciferase in those cells and, 
upon addition of luciferase assay reagents as is well known in the art, will give 
rise to a readily detectable signal from wells that express that recombinant 
gene product. Vaccinia recombinants are extracted from positive wells and 
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further diluted to isolate in a repetition of the same assay with producer and 
indicator cells the specific recombinant with differentiation promoting 
activity, RANKL (Lacey, D.L. et al, Cell P3:165-176 (1998)) is itself an 
example of a positive regulator of osteoclast differentiation that could have 
been isolated through this method. 

[0508] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art 

[0509] Secreted molecules that inhibit differentiation. RAW cells or other 

progenitor cells transfected with TRAP/luciferase or similar indicator 
construct are treated with an agent that induces differentiation, in a preferred 
embodiment with RANKL at the lowest concentration that, in the absence of 
vaccinia recombinants, reproducibly induces differentiation and a positive 
indicator signal in every microculture of producer and indicator cells. Under 
these conditions, only microcultures that include a producer cell infected with 
a recombinant gene that leads to membrane expression or secretion of an 
inhibitor of osteoclast differentiation to the mature TRAP expressing 
phenotype will fail to induce luciferase synthesis and, upon addition of 
luciferase assay reagents, will not give rise to a readily detectable signal. 
Vaccinia recombinants are extracted from these negative wells and further 
diluted to isolate in a repetition of the same assay with producer and indicator 
cells the specific recombinant with differentiation inhibiting activity. 
Osteoprotegerin (OPG), Simonet, W.S. et al., Cell 89:309-19 (1997), which is 
identical to osteoclastogenesis inhibitory factor (OCIF), Yasuda, H. et al., 
. Endocrinology 739:1329-1337 (1998), is an example of a type of negative 
regulator of osteoclast differentiation that can be isolated through this method. 

[0510] The invention also provides for the use of this method to isolate insert 

polynucleotides (e.g. DNA) involved in differentiation of other cells and 
progenitors, such as those described herein and others well-known in the art. 

[0511] Cell Proliferation Genes. Genes whose aberrant expression or function 

may contribute to cell proliferation disorders fall into two general categories: 
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(Smith, E. S., et al. t Nat Med. 7:967-972 (2001)) dominant transfoiming 
genes, including oncogenes, and (Brown, M. L., et al., Annu. Rev. Public 
Health 22:91-113 (2001)) recessive cell proliferation genes, including tumor 
suppressor genes and genes encoding products involved in programmed cell 
death ("apoptosis"). 

[0512] Oncogenes generally encode proteins that are associated with the 

promotion of cell growth. Because cell division is a crucial part of normal 
tissue development and continues to play an important role in tissue 
regeneration, oncogene activity, properly regulated, is essential for the 
survival of the organism. However, inappropriate expression or improperly 
controlled activation of oncogenes may drive uncontrolled cell proliferation 
and result in the development of severe diseases, such as cancer. Weinberg, 
C.A., Cancer. J.. Clin. 44:160-170 (1994). 
[0513] Tumor suppressor genes, on the other hand, normally act as "brakes" 

on cell proliferation, thus opposing the activity of oncogenes. Accordingly, 
inactivation of tumor suppressor genes, e.g., through mutations or the removal 
of their growth inhibitory effects may result in the loss of growth control, and 
cell proliferative diseases such as cancer may develop. Weinberg, CA., 
Cancer J. CUtl 44:160-170 (1994). 
[0514] Related to tumor suppressor genes are genes whose product is involved 

in the control of apoptosis; rather than regulating proliferation of cells, they 
influence the survival of cells in the body. In normal cells, surveillance 
systems are believed to ensure that the growth regulatory mechanisms are 
intact; if abnormalities are detected, the surveillance system switches on a 
suicide program that culminates in apoptosis. 
[0515] Several genes that are involved in the process of apoptosis have been 

described. See, for example, Collins and Lopez Rivas, TIBS 75:307-308 
(1993); Martin et al., TIBS 19:26-30 (1994). Gene products which have been 
implicated in the control of or participation in apoptosis include bcl-2 
(Korsymeyer, Immunol Today 75:285-288 (1992)), c-myc (Shi et al, Science 
257:212-214 (1992); Evan et al, Cell 69:1 19-128 (1992)), p53 (Rotter et al, 
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Trends Cell Biol 3:46-49 (1993)), TRPM-2/SGP (Kryprianou et al, Cancer 
Res. 57:162-166 (1991)), and Fas/APO-1 (Itoh et al, Cell <Jtf:233-243 (1991)). 
Cells that are resistant to apoptosis have an advantage over normal cells, and 
tend to outgrow their normal counterparts and dominate the tissue. As a 
consequence, inactivation of genes involved in apoptosis may result in the 
progression of tumors, and, in fact, is an important step in tumorigenesis. 
[0516] Mutations in tumor suppressor genes and genes encoding products 

involved in the control of apoptosis are typically recessive; i.e., both copies of 
the gene, the maternally inherited copy and the paternally inherited one, must 
be inactivated by mutation to remove the effect of the gene product. Usually, a 
single functional copy of such genes is sufficient to maintain tumor 
suppression. Predisposition to certain hereditary cancers involves mutant 
tumor suppressor genes. For example, if an individual inherits a single 
defective tumor suppressor gene from her father, initially her health will be 
uncompromised, since each cell still contains a functional copy of the gene 
inherited from her mother. However, as cells divide, mutations accumulate. 
Thus, at one point, the remaining normal copy in a cell may be inactivated by 
mutation to remove the function of the tumor suppressor, thereby completing 
one of the steps toward tumor formation. Such a cell may give rise to 
descendant cells which represent the early stages of cancer. 
[05171 Of course, individuals who inherit a full normal complement of tumor 

suppressor genes can develop cancer as well. However, because two 
inactivating mutations are required, the development of the disease is much 
less frequent in such "normal" individuals, i.e., not predisposed to cancer. 
[0518] Tumor suppressor genes and oncogenes participate in growth control 

pathways in normal cells in such a way that the appropriate level of cell 
division is maintained. Disruption of these pathways by mutation of the 
component genes, oncogenes or tumor suppressor genes, is the underlying 
cause of cancer. Growth control in complex organisms like humans is a very 
important and complicated process. Thus, multiple genetic pathways for 
growth control are involved. Some pathways operate in all cell types in the 
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body. Other pathways are much more specific and function only in certain 
cells. 

[0519] For example, signaling pathways in cell lines derived from a certain 

tumor type can be studied with the present invention. The invention can be 
used to study the role of the KER-2/neu oncogene in breast carcinoma by 
expressing dominant negative mutations of signaling proteins in breast cancer 
cell lines. HER-2/new (c-erM3-2) is overexpressed in 30% of breast tumors 
and its presence is correlated with lower survival rates of patients with these 
tumors (Elledge, R.M., et aU Seminars in Oncclogy 19:2U (1992)). The 
HER-2/wew protein demonstrates close sequence homology with, but is 
distinct from, the epidermal growth factor receptor (EGFR) (Scheuter, AX., et 
al 9 Science 229:976 (1985)). The unregulated growth characteristics of HER- 
2/neu-positive tumors is hypothesized to arise, at least in part, from the effect 
of HER-2/neu on intracellular signaling pathways (Kumar, R., et al t Mol 
Cell Biol 11:919 (1991)). The invention described herein can be used to 
isolate cells expressing dominant negative mutations of cellular signaling 
proteins known to interact with the EGF receptor such as PI3K, PLCyl, Grb2, 
Syp, Nek, She, and p9i in several cell lines derived from breast tumors (see 
Table 2). 

TABLE 2 

Properties of cell lines derived from carcinoma of the breast 



Cell Type 


EGFR 


HER2/neu 


Tumorigenic 
in Nude Mice 


Derived From 


MDA-MB- 
468 






+ 


Human adenocarcinoma 
of breast, from pleural 
effusion 


MDA-MB- 
453 




+ 




Human carcinoma of 
breast from effusion 


MCF-7 






+ 


Human adenocarcinoma 
of breast, from pleural 
effusion 


SKBR-3 


+ 


4- 


+ 


Human adenocarcinoma 
of breast, from 
malignant pleural 
effusion 
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[0520] For another example, efficient study of regulatory proteins, such as 

early events in the jRas-regulated serine/threonine kinase pathways, requires a 
transfection system that allows rapid selection of transfected cells. The 
present invention will allow an analysis of when this pathway diverges into the 
Ras-MEK-MAPK axis and the RasMEKK-SEK-SAPK (JNK) axis (Sanchez, 
L, et al, Nature 372:794 (1994); Yan, M., et al, Nature 372:798 (1994); 
Derijard, B., et al, Science 267:682 (199S)). 
[0521] Apart from understanding the genetic basis for one of the major causes 

of cell death, discovery of new cell proliferation genes has significant medical 
and commercial benefits. The potential value of such genes derives from 
opportunities to diagnose and treat cell proliferation disorders, such as cancer, 
more successfully and efficiently. 
[0522] Cell proliferation genes can be of medical value in the identification of 

individuals predisposed to cancer. Because early detection and surgical 
resection play a vital role in survival rates, methods that facilitate early 
diagnosis are extremely important. One way to decrease the length of time 
between the appearance of tumor tissue and its detection is to survey candidate 
patients more frequently and more thoroughly. However, such methods of 
surveillance are expensive; thus it is necessary to limit scrutiny to high risk 
individuals. Consequently, information about genetic predisposition to cancer 
is extremely desirable. Because most genes that influence hereditary cancer 
are also involved in tumor progression, isolation of genes by somatic cell 
genetics has the potential to uncover such predisposing genes. Germline 
testing for such genes offers the chance to rate an individual's probability of 
contracting cancer, and expensive cancer screening efforts may be limited to 
those most likely to benefit from them. 
[0523] Cell proliferation genes can be of medical value in the classification of 

already existing tumors based on genotype. Lowe et al, 1994, Science 
266:807-810. In the past, oncologists have relied on histological examination 
of biopsy specimens. Though useful, histological analyses are generally 
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hampered by their subjectivity and imprecision. Methods that classify tumors 
based on their genetic composition have the potential to improve the reliability 
of classification. Detailed knowledge about tumor genotype may serve as a 
prognostic indicator for the tumor and may assist in guiding the therapeutic 
choice. 

[0524] Identification and isolation of cell proliferation genes affords important 

therapeutic opportunities. Numerous approaches use information about cell 
proliferation genes including, but not limited to the following: 1) transfer of 
wildtype tumor suppressor genes into tumor cells that have lost tumor 
suppressor activity; 2) inhibition of the activity of oncogenes in tumors, an 
approach that is being followed by several pharmaceutical companies in the 
development of ras farnesyiation inhibitors; and 3) selective induction of 
tumor suppressor genes in normal cells to induce a state of temporary cell 
cycle arrest. These methods have the potential to be much more selective and 
efficacious than conventional chemo- or radiotherapy. 
[0525] Tumor Suppressor Genes. Many tumor suppressor genes cause growth 

arrest when overexpressed in normal cells, as well as in certain tumor cell 
lines. Examples for tumor suppressor genes include p53 (Lin et al, Proa Natl 
Acad. Set U.SA. 59:9210-9214 (1992)), Kb (Francke et al, Cytogenet Cell 
Genet 75:131-134 (1976); Cavanee et al, Nature 305:779-784 (1983); Friend 
et al, Proa Natl Acad. ScL USA. 84:9059 (1987); Lee et al, Nature 
32P:642-645 (1987); Huang. et al, Science 242:1563-1566 (1988); Harbour et 
' al, Science 247:353-357 (1988); Yokota et al, Oncogene 3:471-475 (1988)) 
and pl6 (Kamb et al, Science 264:436-440 (1994); Nobori et al, Nature 
365:753-756 (1994)). Generally, tumor suppressor genes trigger growth arrest 
in cells at one of several positions in the cell cycle. Most frequently, however, 
tumor suppressors are found to cause growth arrest at the Gi/S stage. 
[05261 Though the details of growth control pathways are known in only a 

few cases, it is generally believed that overexpression of tumor suppressor 
genes in cell lines that contain inactivating mutations downstream in the 
respective growth control pathways will not have a growth inhibitory effect. In 
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order to result in a growth arresting effect in the target cell, any particular 
tumor suppressor must be expressed in an appropriate cell line which contains 
intact downstream components of its respective growth control pathway. For 
example, overexpression of pl6 in cells that are retmoblastoma-negative (Rb") 
has little or no effect on growth, while overexpression of pi 6 in a wide variety 
of Kb* lines, for example the Rb 4 * melanoma cell line HS294T (Horuk et aL, 
J. Biol Chem. 265:541-546 (1993)), causes Gi arrest Stone et aL, 1996, 
Cancer Res., in press. The reason is that Rb participates in a growth control 
pathway along with pl6, acting downstream of pl6; consequently, 
overexpression of pl6 in the absence of Rb protein has no growth arresting 
effect. 

[0527] In some embodiments of the invention, a selection system has been 

designed based on the tumor suppressor pl6, which is described in more 
detail, infra In another embodiment of the invention, selection systems are 
designed based on the gene encoding Rb. Overexpression of Rb is known to 
cause arrest in many cell lines. 

[0528] In still another embodiment, selection systems are generated based on 

the breast cancer susceptibility tumor suppressor gene BRCA1. BRCA1 has 
been shown to arrest growth of breast epithelial cell lines (Holt et aL, Nat 
Genet. i2:298-302 (1996)). 

[0529] In another embodiment of the invention, selection systems are 

designed based on the p53 pathway. Regulated expression of p53 and its 
downstream targets, such as the CDK inhibitor p21 induces either apoptosis or 
Gl arrest in a variety of cell lines. 

[0530] In still other embodiments of the invention, other tumor suppressor 

genes are used in order to design selection systems for the identification of 
novel cell proliferation genes. In principal, any gene whose expression can be 
manipulated to cause cell growth arrest, can be used. Examples include, but 
are not limited to, WT1, VHL, BRCA2, NF1, NF2, P15, P21, P18, P19, P27, 
P57. In additional embodiments, selctions is based on genes such as those 
listed in Examples 26-29. 
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[0S31J CDK Inhibitors. In some embodiments of the invention, selection 

systems are generated based on expression of CDK inhibitors in suitable host 
cells. 

[0S32] All CDK inhibitors defined to date, including pl5, pl6, pl8, pl9, p21, 

p27, p57 cause cell cycle arrest when they are overexpressed in certain cell 
lines. In some cases, such as pl6, some details are already known with respect 
to downstream pathway components. In other cases, most details of the 
pathway of growth control within which the genes function are still to be 
elucidated. Apart from their preferred in vitro targets, i.e., CDK4 and CDK6 in 
the cases of pl5, pl6, and pl8, and CDK4, CDK6, and CDK2 (and CDK4, 
CDK6) in the case of p21, p27, and p57, the identification of components of 
the pathways that act downstream by direct or indirect selection systems will 
greatly facilitate the ability to manipulate these growth control pathways to 
achieve a therapeutic advantage. 

[0533] Many cell lines respond to ectopic expression of CDK inhibitors by 

entering a state of arrest, and may be used for CDK inhibitor based selection 
systems accordingly. Exceptions are lines that have lost the activity of 
downstream mediators of the CDK inhibitor pathways. For example, Rb" cell 
. lines cannot be forced into arrest by overexpression of pi 6. In addition, certain 
cell lines may have incurred mutations in downstream genes other than Rb. 
For instance, specific mutations in CDK4 render the mutant protein resistant to 
inhibition by pl6. This defect has been shown to result from single amino acid 
substitutions in CDK4 protein that prevent binding of pl6 to the enzyme 
without impairing catalytic activity. Wolfel et al, Science 269:1281-1284 
(1995). Similar mutations could interfere with the ability of other CDK 
inhibitors to carry out their tumor suppressor activity. Recipient cell lines 
should have intact growth control pathways downstream of the particular CDK 
inhibitor such that they respond to ectopic CDK inhibitor expression by 
entering cell cycle arrest 
[0534] Oncogene Pathways, hi another embodiment, selection systems are 

generated based on dissection of oncogene pathways. For example, a 
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dominant-negative oncogene or a dominant-negative fragment of an oncogene 
may be ectopically expressed such that growth is inhibited or apoptosis is 
induced. 

[0535] Many forms of dominant-negative oncogene mutants have been 

engineered. For example, in the case of receptor tyrosine kinases, receptor 
mutants lacking an intact enzymatic domain have been shown to 
dominant-negatively inhibit the function, and thus signal transduction, of the 
wild-type receptor. Redemann et al, Mol Cell Biol 72:491-498 (1992); 
Kashles et al, Mol Cell Biol 77:1454-1463 (1991); Mffiauer et al, Nature 
367:516-579 (1994). Further, naturally occurring dominant negative 
oncogenes have been identified, which have variable effects that depend 
heavily on the specific cell line in which they are expressed Below (Table 3) 
are listed several examples from the literature of the effects of dominant 
negative proto-oncogenes on the growth and/or transformation properties of 
specific cells. 



TABLE 3 



GENE 


RECIPIENT 


EFFECT 


REFERENCE 


c-JUN 


MCF7 


inhibition of colony 
formation 


Chen et al, Mol Carcinog. 
15:215-226 (1996) 


EGF-R 


Rat-1 


inhibition of DNA 
synthesis 


Daub et al, Nature 379:551-560 
(1996) 


GRB2 


NIH3T3 


inhibition of 
transformation 


Xie et al, 1995, J. Biol. Chem. 
270:30717-30724 


RAF 


NIH3T3 


inhibition of growth in 
soft agar 


Denko et al, Somat Cell Mol 
Genet 21:241-253 (1995) 


RAF 


GH4 


ras-induced promoter 
activation 


Pickett et al, Mol Cell Biol 
75:6777-6784(1995) 


MAX 


NIH3T3 


natural growth 
regulation 


Arsura et al, Mol Cell Biol 
75:6702-6709(1995) 


RAS 


SK-N-MC 


inhibition of ERK2 
activation 


van Weering et al., Oncogene 
77:2207-2214(1995) 


SRC 


endothelial 


inhibition of c-FOS 
activation 


Simonson et al, 1996, J. Biol 
Chem. 271:77-82 
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[0536] & principle, dominant negative proto-oncogenes can serve in the same 
way as tumor suppressor genes to arrest cells or prevent cell growth under 
certain conditions, thus providing a basis for selection of target 
polynucleotides. 

[0537] Genes Involved in Degenerative Disease. Interleukin 1 ("IL-l") is a 

major pro-inflammatory and immunoregulatory protein that stimulates 
fibroblast differentiation and proliferation, the production of prostaglandins, 
collagenase and phospholipase by synovial cells and chondrocytes, basophil 
and eosinophil degranulation and neutrophil activation. Oppenheim, J. HL et 
al, Immunology Today 7:45-56 (1986). As such, it is involved in the 
pathogenesis of chronic and acute inflammatory and autoimmune diseases. For 
example, in rheumatoid arthritis, IL-l is both a mediator of inflammatory 
symptoms and of the destruction of the cartilage proteoglycan in afflicted 
joints. Wood, D. D. et al., Arthritis Rheum 26:975 (1983); Pettipher, E. J., et 
al, Proc. Natl Acad. Set USA 71:295 (1986); Arend, W. P. and Dayer, J. M., 
Arthritis Rheum 35:151 (1995). IL-l is also a highly potent bone resorption 
agent. Jandiski, J. J., J. Oral Path 17:145 (1988); Dewhirst, F. E. et al, J. 
Immunol 5:2562 (1985). It is alternately referred to as "osteoclast activating 
factor" in destructive bone diseases such as osteoarthritis and multiple 
myeloma. Bataille, R. et al f Int. J. Clin. Lab. Res. 27(4):283 (1992). In 
certain proliferative disorders, such as acute myelogenous leukemia and 
multiple myeloma, IL-l can promote tumor cell growth and adhesion. Bani, 
M. R., J. Natl Cancer Inst 53:123 (1991); Vidal-Vanaclocha, R, Cancer Res. 
54:2667 (1994). In these disorders, IL-l also stimulates production of other 
cytokines such as IL-6, which can modulate tumor development (Tartour et 
al, Cancer Res. 54:6243 (1994). IL-l is predominantly produced by 
peripheral blood monocytes as part of the inflammatory response and exists in 
two distinct agonist forms, IL-l a and IL-ip. Mosely, B. S. et al, Proc. Nat. 
Acad. Sci. 54:4572-4576 (1987); Lonnemann, G. et al, Eur J. Immunol 
19:1531-1536 (1989). 
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[0538] JLrip is synthesized as a biologically inactive precursor, pIL-lp. pIL- 

IP lacks a conventional leader sequence and is not processed by a signal 
peptidase. March, C. t 9 Nature 375:641-647 (1985). Instead, pIL-10 is 
cleaved by interleukin-l.beta. converting enzyme ("ICE") between Asp-116 
and Ala-117 to produce the biologically active C-tenninal fragment found in 
human serum and synovial fluid. Sleath, P. R., et al, J. Biol Chem. 
265:14526-14528 (1992); A. D. Howard et al, J, Immunol 147:2964-2969 
(1991). ICE is a cysteine protease localized primarily in monocytes. It 
converts precursor DLrip to the mature form. Black, R. A. et al, FEBSLett. 
247: 386-390 (1989); Kostura, M. J. et al, Proc. Natl Acad. Set USA 
56:5227-523 1 (1989). Processing by ICE is also necessary for the transport of 
mature EL-1 P through the cell membrane. 

[0539] ICE, or its homologs, also appears to be involved in the regulation of 

programmed cell death or apoptosis. Yuan, J. et al, Cell 75:641-652 (1993); 
Miura, M. et al, Celt 75:653-660 (1993); Nett-Fiordalisi, M. A. et al, J. Cell 
Biochem; 778:117 (1993). Ia particular, ICE or ICE homologs are thought to 
be associated with the regulation of apoptosis in neurodegenerative diseases, 
such as Alzheimer's and Parkinson's disease. Marx, J. and M. Baringa, Science 
259:760-762 (1993); GagUardini, V. et al, Science 253:826-828 (1994). 
Therapeutic applications for inhibition of apoptosis may include treatment of 
Alzheimer's disease, Parkinson's disease, stroke, myocardial infarction, spinal 
atrophy, and aging. 

[0540] ICE has been demonstrated to mediate apoptosis (programmed cell 

death) in certain tissue types. Steller, H., Science 267:1445 (1995); Whyte, M. 
and Evan, G., Nature 376:17 (1995); Martin, S. J. and Green, D. R., Cell 
52:349 (1995); Alnemri, E. S., et al, X Biol Chem. 270:4312 (1995); Yuan, J. 
Curr. Opin. Cell Biol 7:211 (1995). A transgenic mouse with a disruption of 
the ICE gene is deficient in Fas-mediated apoptosis (Kuida, K. et al, Science 
267:2000 (1995)). This activity of ICE is distinct from its role as the 
processing enzyme for pro-H^ip. It is conceivable that in certain tissue types, 
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inhibition of ICE may not affect secretion of mature IL-ip* but may inhibit 
apoptosis. 

[0541] Enzymatically active ICE has been previously described as a 

heterodimer composed of two subunits, p20 and plO (20 kDa and 10 kDa 
molecular weight, respectively). These subunits are derived from a 45 kDa 
proenzyme (p45) by way of a p30 form, through an activation mechanism that 
is autocatalytic. Thornberry, R A. et al, Nature 355:768-774 (1992). The 
ICE proenzyme has been divided into several functional domains: a 
prodomain (pl4), a p22/20 subunit, a polypeptide linker and a plO subunit. 
Thornberry et al, supra; Casano et al, Genomics 2(7:474-481 (1994). 

[0542] Full length p45 has been characterized by its cDNA and amino acid 

sequences. PCT patent applications WO 91/15577 and WO 94/00154. The 
p20 and plO cDNA and amino acid sequences are also known. Thornberry et 
aL, supra. Murine and rat ICE have also been sequenced and cloned- They 
have high amino acid and nucleic acid sequence homology to human ICE. 
Miller, D. K. et al, Ann. NY. Acad. ScL 696:133-148 (1993); Molineaux, S. 
M. et al, Proa Nat. Acad. Sri. £0:1809-1813 (1993). The three-dimensional 
structure of ICE has been determined at atomic resolution by X-ray 
crystallography. Wilson, K. P., et al, Nature 370:270-275 (1994). The active 
enzyme exists as a tetramer of two p20 and two plO subunits. 

[0543] Additionally, there exist human homologs of ICE with sequence 

similarities in the active site regions of the enzymes. Such homologs include 
TX (or ICE.sub.reHI or ICH-2) (Faucheu, et al, EMBO J. 14:1914 (1995); 
Kamens J., et al, J. Biol Chem. 270:15250 (1995); Nicholson et al, J. Biol 
Chem. 270:15870 (1995)), TY (or ICE.sub.rel-IH) (Nicholson et al, J. Biol. 
Chem. 270:15870 (1995); ICH-1 (or Nedd-2) (Wang, L. et al, Cell 78:139 
(1994)), MCH-2, (Femandes-Alnemri, T. et al, Cancer Res. 55:2737 (1995), 
CPP32 (or YAMA or apopain) (Femandes-Alnanri, T. et al, J. Biol Chem. 
269:30761 (1994); Nicholson, D. W. et al., Nature 376:37 (1995)), and CMH- 
1 (or MCH-3) (Lippke, et al, J. Biol Chem 271(4):1825-8 (1996); Femandes- 
Alnemri, T. et al, Cancer Res., (1995)). Each of these ICE homologs, as well 
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as ICE itself, is capable of inducing apoptosis when overexpressed in 
transfected cell lines. Inhibition of one or more of these homologs with the 
peptidyl ICE inhibitor Tyr-Val-Ala-Asp-chloromethylketone results in 
inhibition of apoptosis in primary cells or cell lines. Lazebnik et al, Nature 
371:346 (1994). 

[0544] Accordingly, the direct or indirect selection method may identify 

molecules similar to ICE that are involved in diseases such as chronic and 
acute forms of IL~ 1 -mediated diseases, apoptosis-mediated diseases, as well as 
inflammatory, autoimmune, proliferative, infectious, or degenerative diseases. 
Degenerative diseases include Parkinson's Disease, Pick's Disease, 
Alzheimer's Disease, as well as Rosenthal fibres in Cerebellar Astrocytomas, 
Cytoplasmic bodies in muscle and Mallory bodies in Alcoholic Liver Disease. 
. Additional IL-1- and apoptosis-mediated diseases include inflammatory 
diseases, autoimmune diseases, proliferative disorders, infectious diseases, 
degenerative diseases, necrotic diseases, osteoarthritis, acute pancreatitis, 
chronic pancreatitis, asthma, adult respiratory distress syndrome, 
glomerulonephritis, rheumatoid arthritis, systemic lupus erythematosus, 
scleroderma, chronic thyroiditis, Graves' disease, autoimmune gastritis, 
insulin-dependent diabetes mellitus (Type I), autoimmune hemolytic anemia, 
autoimmune neutropenia, thrombocytopenia, chronic active hepatitis, 
myasthenia gravis, inflammatory bowel disease, Crohn's disease, psoriasis, 
graft vs. host disease, osteoporosis, multiple myeloma-related bone disorder, 
acute myelogenous leukemia, chronic myelogenous leukemia, metastatic 
melanoma, Kaposi's sarcoma, multiple myeloma sepsis, septic shock, 
Shigellosis, Alzheimer's disease, Parkinson's disease, cerebral ischemia, 
myocardial ischemia, spinal muscular atrophy, multiple sclerosis, AIDS- 
related encephalitis, HIV-related encephalitis, aging, alopecia, and 
neurological damage due to stroke. 

[0545] Apoptosis. In another embodiment, direct or indirect selection is based 

on the phenomenon of apoptosis, i.e., programmed cell death. 
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[0546] Cells in culture can be induced to undergo apoptotic death by a variety 

of stimuli, depending on the particular cells. For example, certain cells enter 
apoptosis after exposure to glucocorticoids, tumor necrosis factors, or other 
natural agents. In addition, many cell types undergo apoptosis when exposed 
to radiation or chemotherapeutics. Further, cells may be engineered to contain 
genes which have been implicated in the control of or participation in 
apoptosis under the control of an inducible promoter. Such genes include, but 
are not limited to bcl-2 (Korsymeyer, Immunol Today 73:285-288 (1992)), 
c-myc (Shi et al, Science 257:212-214 (1992); Evan et al, Cell (59:119-128 
(1992)), p53 (Rotter et al, Trends Cell Biol 3:46-49 (1993)), TRPM-2/SGP 
(Kryprianou et al, Cancer Res. 57:162-166 (1991)), and Fas/APO-1 (Itoh et 
al, Cell 65:233-243 (1991)). 

[0547] Cell types which can be induced to undergo apoptosis include, for 

example, lymphocytes, tumor cells derived from lymphocytes, and tumors of 
epithelial cell origin. Activation of the FAS antigen receptor in maturing 
lymphocytes activates an apoptosis program. FAS antigen can be activated 
either by exogenous application of a FAS antibody (Velcich et al, 1995, Cell 
Growth Differ. 6:749-757) or by ectopic expression of an activated form of the 
receptor. Treatment with certain steroid hormones or cross-linking of the T 
cell receptors on the cell surface using, for example, an antibody, can also 
induce apoptosis in lymphocytes, related cell or tumor lines, and tumors of 
epithelial origin. The 3DO line, for instance, responds to receptor 
cross-linking by undergoing apoptosis (Vito et al, 1996, Science 
271:521-525), while murine thymoma W7 cells undergo apoptosis in response 
to dexamethasone (Bourgeois et al, 1993, Mol. Endocrinol. 7:840-851). 
Other cell lines undergo apoptosis when cultured at low density or in the 
absence of specific serum factors (Ishizaki et al, Mol Endocrinol 7:840-851 
(1995)). In Friend erythroleukemia cells, overexpression of p53 results in 
apoptosis (Abrahamson et al, Mol Cell Biol 75:6953-6960 (1995)). 
Overexpression of certain oncogenes in some tumor lines may, paradoxically, 
also induce apoptosis (Harrington et al, Curr. Opin. Genet Dev. 4:120-129 
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(1994)). The morphogen retinoic acid induces programmed cell death in the 
P19 embryonic stem cell (Okazawa et al, J. Cell Biol 732:955-968 (1996)).. 
It is also possible to use various forms of trauma to induce apoptosis in a 
variety of cell types. For instances, treatment of many cell types by 
DNA-damaging agents (e.g., certain chemotherapeutics, radiation) causes an 
apoptotic response. Such mechanisms may be used in the direct or indirect 
selection system of the invention. For example, genes which induce cell death 
may be used as a suicide gene. 

[0548] Cell Cycle Regulators and FACS. The method of the invention is 

useful to identify target polynucleotides causing cells to arrest in a growth 
phase or to move out of one growth phase and into another. In some 
embodiments, it may be desirable to identify polynucleotides causing cell 
arrest, for example at Gl. Alternatively, a polynucleotide may cause host cells 
arrested in a particular growth phase to move past that phase or to move into 
another phase. Similarly, it may be desirable in some circumstances to isolate 
polynucleotides that accelerate movement of a non-arrested but slowly moving 
cell type into either the next phase or just through the cell cycle, or to delay 
the onset of the next phase. For example, it may be possible to alter the 
activities of certain enzymes, for example kinases, phosphatases, proteases or 
ubiquitination enzymes, that contribute to initiating cell phase changes. 

[0549] In a preferred embodiment, a light scattering assay is used as the 

viability assay, as is well known in the art. When viewed in the fluorescence 
activated cell sorter (FACS), cells have particular characteristics as measured 
by their forward and 90 degree (side) light scatter properties. These scatter 
properties represent the size, shape and granule content of the cells. These 
properties account for two parameters to be measured as a readout for the 
viability. Briefly, the DNA of dying or dead cells generally condenses, which 
alters the 90 degree scatter, similarly, membrane blebbing can alter the 
forward scatter. Alterations in the intensity of light scattering, or the cell- 
refractive index indicate alterations in viability. 
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[0550] Thus, in general, for light scattering assays, a standard is determined 
for a particular cell type by the forward and side scattering properties of a live 
cell population. This standard for scattering is subsequently used for 
comparison to the host cells. 

[0551] In a preferred embodiment, the viability assay utilizes a viability dye. 

There are a number of known viability dyes that stain dead or dying cells, but 
do riot stain growing cells. For example, annexin V is a member of a protein 
family which displays specific binding to phospholipid (phosphotidylserine) in 
a divalent ion dependent manner. This protein has been widely used for the 
measurement of apoptosis (programmed cell death) as cell surface exposure of 
phosphatidylserine is a hallmark early signal of this process. Suitable viability 
dyes include, but are not limited to, annexin, ethidium homodimer-1, DEAD 
Red, propidium iodide, SYTOX Green, etc., and others known in the art; see 
the Molecular Probes Handbook of Fluorescent Probes and Research 
Chemicals, Haugland, Sixth Edition,; see Apoptosis Assay on page 285 in 
particular, and Chapter 16. 

[0552] Protocols for viability dye staining for cell viability are known, see 

Molecular Probes catalog, supra. In this embodiment, the viability dye such as 
annexin is labeled, either directly or indirectly, and combined with a cell 
population. Annexin is commercially available, i.e., from PharMingen, San 
Diego, California, or Caltag Laboratories, Millbrae, California. Preferably, 
the viability dye is provided in a solution wherein the dye is in a concentration 
of about 100 ng/ml to about 500 ng/ml, more preferably, about 500 ng/ml to 
about 1 ng/ml, and most preferably, from about 1 ng/ml to about 5 ng/ml. In 
a preferred embodiment, the viability dye is directly labeled; for example, 
annexin may be labeled with a fluorochrome such as fluorecein isothiocyanate 
(FITC), Alexa dyes, TRITC, AMCA, APC, tri-color, Cy5, and others known 
in the art or commercially available. In an alternate preferred embodiment, the 
viability dye is labeled with a first label, such as a hapten such as biotin, and a 
secondary fluorescent label is used, such as fluorescent streptavidin. Other 
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first and second labeling pairs can be used as will be appreciated by those in 
the art. 

[0553] Once added, the viability dye is allowed to incubate with the cells for a 

period of time, and washed, if necessary. The cells are then sorted as outlined 
below to remove the viable cells and retain the nonviable cells. 

[0554] In a preferred embodiment, exclusion dye staining is used as the 

viability assay. Exclusion dyes are those which are excluded from living cells, 
i.e. they are not taken up passively (they do not permeate the cell membrane of 
a live cell). However, due to the permeability of dead or dying cells, they are 
taken up by dead cells. Generally, but not always, the exclusion dyes bind to 
DNA, for example via intercalation, and does not fluoresce, or fluoresces 
poorly, in the absence of intercalation. Preferably, the exclusion dye does 
bind DNA; this eliminates the need for a wash step. Alternatively, exclusion 
dyes that require the use of a secondary label may also be used. Preferred 
exclusion dyes include, but are not limited to, ethidiurn bromide; ethidium 
homodimer-1; propidium iodine; SYTOX green nucleic acid stain; Calcein 
AM, BCECF AM; fluorescein diacetate; TOTO® and TO-PRO™. (from 
Molecular Probes; supra, see chapter 16) and others known in the art. 

[0555] Protocols for exclusion dye staining for cell viability are known, see 

the Molecular Probes catalog, supra. In general, the exclusion dye is added to 
the cells at a concentration of from about 100 ng/ml to about 500 ng/ml, more 
preferably, about 500 ng/ml to about 1 |ig/ml, and most preferably, from about 
0.1 jig/ml to about 5 |ag/ml, with about 0.5 ng/ml being particularly preferred. 
The cells and the exclusion dye are incubated for some period of time, 
washed, if necessary, and then the cells sorted as outlined below, to remove 
non-viable cells from the population. 
[0556] In addition, there are other cell viability assays which may be run, 

including for example enzymatic assays, which can measure extracellular 
enzymatic activity of either live cells (i.e. secreted proteases, etc.), or dead 
cells (i.e. the presence of intracellular enzymes in the media; for example, 
intracellular proteases, mitochondrial enzymes, etc.). See The Molecular 
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Probes Handbook of Fluorescent Probes and Research Chemicals, Haugland, 
Sixth Edition, chapter 16 in particular. 

[0557] In a preferred embodiment, at least one cell viability assay is run, with 

at least two different cell viability assays being preferred, when the fluors, are 
compatible. When only 1 viability assay is run, a preferred embodiment 
utilizes light scattering assays (both forward and side scattering). When two 
viability assays are run, preferred embodiments utilize light scattering and dye 
exclusion, with light scattering and viability dye staining also possible, and all 
three being N done in some cases as well. Viability assays thus allow the 
separation of nonviable or dying cells from viable ones. 

[0558] In addition to a cell viability assay, a preferred embodiment utilizes a 

cell proliferation assay. By "proliferation assay" herein is meant an assay that 
allows the determination that a cell is either proliferating, i.e. replicating, or 
not replicating. 

[0559] In a preferred embodiment, the proliferation assay is a dye inclusion 

assay. A dye inclusion assay relies on dilution effects to distinguish between 
cell phases. Briefly, a dye (generally a fluorescent dye as outlined below) is 
introduced to cells and taken up by the cells. Once taken up, the dye is 
trapped in the cell, and does not diffuse out. As the cell population divides, 
the dye is proportionally diluted. That is, after the introduction of the 
inclusion dye, the cells are allowed to incubate for some period of time; cells 
that lose fluorescence over time are dividing, and the cells that remain 
fluorescent are arrested in a non-growth phase. 

[0560] Generally, the introduction of the inclusion dye may be done in one of 

two ways. Either the dye cannot passively enter the cells (e.g. it is charged), 
and the cells must be treated to take up the dye; for example through the use of 
a electric pulse. Alternatively, the dye can passively enter the cells, but once 
taken up, it is modified such that it cannot diffuse out of the cells. For 
example, enzymatic modification of the inclusion dye may render it charged, 
and thus unable to diffuse out of the cells. For example, the Molecular Probes 
CellTracker™ dyes are fluorescent chloromethyl derivatives that freely diffuse 
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into cells, and then glutathione S-transferase-mediated reaction produces 
membrane impermeant dyes. 

[0561] Suitable inclusion dyes include, but are not limited to, the Molecular 

Probes line of CellTracker™ dyes , including* but not limited to CellTracker™ 
Blue, CellTracker™ Yellow-Green, CellTracker™ Green, CellTracker™ 
Orange, PKH26 (Sigma), and others known in the art; see the Molecular 
Probes Handbook, supra; chapter 15 in particular. 

[0562] In general, inclusion dyes are provided to the cells at a concentration 

ranging from about 100 ng/ml to about 5 ^ig/ml, with from about 500 ng/ml to 
about 1 |xg/ml being preferred. A wash step may or may not be used. The 
cells and the inclusion dye are incubated for some period of time, to allow cell 
division and thus dye dilution. The length of time will depend on the cell 
cycle time for the particular cells; in general, at least about 2 cell divisions are 
preferred, with at least about 3 being particularly preferred and at least about 4 
being especially preferred. Because of the length of time required, vaccinia 
virus MVA or another vector less cytopathic than vaccinia is preferred 

[0563] ' The cells are then sorted as outlined below, to create populations of 
cells that are replicating and those that are not. As will be appreciated by 
those in the art, in some cases, for example when screening for anti- 
proliferation agents, the bright (i.e. fluorescent) cells are collected; in other 
embodiments, for example for screening for proliferation agents, the low 
fluorescence cells are colfected. Alterations are determined by measuring the 
fluorescence at either different time points or in different cell populations, and 
comparing the determinations to one another or to standards. 

[0564] In some embodiments, at least one proliferation assay is run, with more 

than one being preferred. Thus, a proliferation assay results in a population of 
proliferating cells and a population of arrested cells. 

(0565] In another embodiment, either after or simultaneously with one or 

more of the proliferation assays outlined above, at least one cell phase assay is 
done. A "cell phase" assay determines at which cell phase the cells are 
arrested, M, Gl, S, or G2. 
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[0566] In a preferred embodiment, the cell phase assay is a DNA binding dye 

assay. Briefly, a DNA binding dye is introduced to the cells, and taken up 
passively. Once inside the cell, the DNA binding dye binds to DNA, generally 
by intercalation, although in some cases, the dyes can be either major or minor 
groove binding compounds. The amount of dye is thus directly correlated to 
the amount of DNA in the cell, which varies by cell phase; G2 and M phase 
cells have twice the DNA content of Gl phase cells, and S phase cells have an 
intermediate amount, depending on at what point in S phase the cells are. 
Suitable DNA binding dyes are penneant, and include, but are not limited to, 
Hoechst 33342 and 33258, acridine orange, 7-AAD, IDS 751, DAPI, and 
SYTO 16, Molecular Probes Handbook, supra; chapters 8 and 16 in particular. 

[0567] In general, the DNA binding dyes are added in concentrations ranging 

from about 1 (J-g/ml to about 5 ng/ml. The dyes are added to the cells and 
allowed to incubate for some period of time; the length of time will depend in 
part on the dye chosen. In some embodiments, measurements are taken 
immediately after addition of the dye. The cells are then sorted as outlined 
below, to create populations of cells that contain different amounts of dye, and 
thus different amounts of DNA; in this way, cells that are replicating are 
separated from those that are not As will be appreciated by those in the art, in 
some cases, for example when screening for anti-proliferation agents, cells 
with the least fluorescence (and thus a single copy of the genome) can be 
separated from those that are replicating and thus contain more than a single 
genome of DNA. Alterations are determined by measuring the fluorescence, 
for example, at different time points or in different cell populations, and 
comparing the determinations to one another or to standards. 

[0568] In a preferred embodiment, the cell phase assay is a cyclin destruction 

assay. In this embodiment, the host cells contain a fusion nucleic acid which 
comprises nucleic acid encoding a cyclin destruction box and a nucleic acid 
encoding a detectable molecule. "Cyclin destruction boxes" are known in the 
art and are sequences that cause destruction via the ubiquitination pathway of 
proteins containing the boxes during particular cell phases. That is, for 
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example, Gl cyclins may be stable during Gl phase but degraded during S 
phase due to the presence of a Gl cyclin destruction box. Thus, by linking a 
cyclin destruction box to a detectable molecule, for example green fluorescent 
protein, the presence or absence of the detectable molecule can serve to 
identify the cell phase of the cell population. In a preferred embodiment, 
multiple boxes are used, preferably each with a different fluor, such that 
detection of the cell phase can occur. 
[0569} A number of cyclin destruction boxes are known in the art, for 

example, cyclin A .has a destruction box comprising the sequence 
RTVLGVIGD (SEQ ID NO: 12); the destruction box of cyclin Bl comprises 
the sequence RTALGDIGN (SEQ ID NO: 13). See Glotzer et al, Nature 
549:132-138 (1991). Other destruction boxes are x known as well: 
YMTVSffl)RmQDSCWKKMLQLVGVT (rat cyclin B) (SEQ ID NO:14); 
KFRLLQETMYMTVSiroM?MQNSCWKK (mouse cyclin B) (SEQ ID 
NO:15); RAILIDWLIQVQMKFRLLQETMYMTVS (mouse cyclin 131) 
(SEQ ID NO:16); DRIT.QAQLVCRKKLQWGITALLLASK (mouse cyclin 
132) (SEQ ID NO:17); and MSVLRGKLQLVGTAAMLL (mouse cyclin A2) 
(SEQIDNO:18). 

[0570] The nucleic acid encoding the cyclin destruction box is operably linked 

to nucleic acid encoding a detectable molecule. The fusion proteins are 
constructed by methods known in the art. For example, the nucleic acids 
encoding the destruction box is ligated to a nucleic acid encoding a detectable 
molecule. By "detectable molecule 11 herein is meant a molecule that allows a 
cell or compound comprising the detectable molecule to be distinguished from 
one that does not contain it, i.e., an epitope, sometimes called an antigen TAG, 
a specific enzyme, or a fluorescent molecule. Preferred fluorescent molecules 
include but are not limited to green fluorescent protein (GFP), blue fluorescent 
protein (BFP), yellow fluorescent protein (YFP), red fluorescent protein 
(REP), and enzymes including luciferase and p-galactosidase. When antigen 
TAGs are used, preferred embodiments utilize cell surface antigens. The 
epitope is preferably any detectable peptide which is not generally found on 
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the cytoplasmic membrane, although in some instances, if the epitope is one 
normally found on the cells, increases may be detected, although this is 
generally not preferred. Similarly, enzymatic detectable molecules may also 
be used; for example, an enzyme that generates a novel or chromogenic 
product 

[0571] Accordingly, the results of sorting after cell phase assays generally 

result in at least two populations of cells that are in different cell phases. In 
addition, positive controls can be used. For example, in the cell cycling 
assays, agents known to alter cell cycling may be used. For example, p21 is a 
molecule known to arrest cells in the Gl cell phase, by binding Gl cyclin- 
CDK complexes. 

[05721 The practice of the present invention will employ, unless otherwise 

indicated, conventional techniques of cell biology, cell culture, molecular 
biology, transgenic biology, microbiology, virology, recombinant DNA, and 
immunology, which are within the skill of the art. Such techniques are 
explained folly in the literature. See, for example, Molecular Cloning A 
Laboratory Manual, 2nd Ed., Sambrook et al, ed., Cold Spring Harbor 
Laboratory Press: (1989); Molecular Cloning: A Laboratory Manual 
Sambrook et al, ed., Cold Springs Harbor Laboratory, New York (1992), 
DNA Cloning, Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide 
Synthesis (ML J. Gait ed., 1984); Mullis et al U.S. Pat. No: 4,683,195; Nucleic 
Acid Hybridization (B. D. Haines & S. J. Higgins eds. 1984); Transcription 
And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal 
Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Celb And 
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); the treatise, Methods In Enzymology (Academic Press, Inc., 
N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H, Miller and M. P. 
Calos eds., 1987, Cold Spring Harbor Laboratory); Methods In Enzymology, 
Vols. 154 and 155 (Wu et al eds.), Immunochemical Methods In Cell And 
Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987); 
Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and C. C. 
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Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1986); and in Ausubel et aU 
Current Protocols in Molecular Biology, John Wiley and Sons, Baltimore, 
Maryland (1989). 

(0573] General principles of antibody engineering are set forth in Antibody 

Engineering, 2nd edition, C.A.K. Borrebaeck, Ed., Oxford Univ. Press (1995), 
General principles of protein engineering are set forth in Protein Engineering, 
A Practical Approach, Rickwood, D., et al. 9 Eds., IRL Press at Oxford Univ. 
Press, Oxford, Eng. (1995). General principles of antibodies and antibody- 
hapten binding are set forth in: Nisonof£ A., Molecular Immunology, 2nd ecL, 
Sinauer Associates, Sunderland, MA (1984); and Steward, M.W., Antibodies, 
Their Structure and Function, Chapman and Hall, New York, NY (1984). 
Additionally, standard methods in immunology known in the art and not 
specifically described are generally followed as in Current Protocols in 
Immunology, John Wiley & Sons, New York; Stites et al (eds) , Basic and 
Clinical -Immunology (8th e&), Appleton & Lange, Norwalk, CT (1994) and 
Mishell and Shiigi (eds), Selected Methods in Cellular Immunology, W.H. 
Freeman and Co., New York (1980). 

The C35 Promoter 

[0574] The C35 gene is differentially expressed in human cancers including, 

inter alia, breast, bladder, ovarian, colon, and pancreatic cancer, and 
melanoma. The C35 gene was described in detail in U.S. Patent Application 
Publication No. 2002/01 55447 Al, which is hereby incorporated by reference 
in its entirety. In particular, the C35 gene is overexpressed in human breast 
and bladder carcinomas {see U.S. Patent Application Publication No. 
2002/01 55447A1). 

[05751 As shown in Figure 24, using the sequence of the human C35 

transcript, the human C35 genomic locus was identified by BLAST analysis 
against the public human genome sequence database. This entire C35 gene 
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(composed of four exons and three introns) is contained within a 1401 
nucleotide region between 37,795,754 and 37,797,155 on chromosome 17. 
The ERBB2/HER2 gene terminates 505 nucleotides from the 3' end of C35 
while the GRB7 gene begins. 7402 nucleotides from the 5' start of C35 
transcription. (Locations based on. build 33 of the human genome sequence 
available from The National Center for Biotechnology Information.) 
[05761 certain embodiments, the present invention is directed to 

polynucleotides that promote transcription in cancer tissue, preferably breast 
cancer tissue, and more preferably, human breast cancer tissue. 
[05771 to one embodiment, the C35 promoter of the present invention 

comprises a polynucleotide, the sequence of which is at least 90%, 95%, 96%, 
97%, 98%, 99%, or 100% identical to SEQ ID NO:77, as shown below (also 
known herein as the "long promoter"), wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

1 AAAGGCAGCG AGGACTTGTG CAGACTCCAT TTCCAGAGCT GCAAAATGGG AATAATGACG 60 
61 CCAGCCCCCC AGTGAGAGGC TGGATGAGAA GGGATGCGCA GAAACTGTTG GGGGCACAGA 120 
121 GCCTGAAGAG CATCTACTGT TTTCCAGTGC AGGCAAGAAG CAGCTGCAAA AGACTGGAAA 180 
181 AAGCAGTTTA GAGCTTTGGG ATCAGAAACA CTTGTGTATG TAACTACAGG GTGGTTCCAA 240 
241 ATGCCATCAG CACCGGGCGT • GGTGGCTCAC GCCTGTAATC CCAGCACTTT GGGAGGCCAA 300 
301 GGCAGGCAGA TCATTTGAGG TCAGGAGTTC GAGACCAGTC TGGCGAACAT GGTGAAACCC 360 
361 TGTCTCTACT AAAACAAACA AACAAACAAA CAAAAAACTG GGCCAGGCGC GGTGGCTCAT 420 
421 GTCTGTAATT CCAGCACTTT AGGAGGCCGA GGCTGGTGGA TCACCTGAGG TCAAGAGTTC 480 
481 GAGACCAGCC TGACCAACAT GATGAAACCC TGTCTCTACT AAGAATACAA AATTAACCGG 540 
541 GTGCGGTGGC AOGCGCCTGT AGTCCCAGCT ACTCGGGAAG CTGAGGCAGA AGAATCGCTT 600 
601 GAACCCGGGA GGCAGAGGTT GCAGTGAACC GAGATCGCGC CATTGCACTC CAGCCTGGGC 660 
661 AACAAGAGCG AAACTCCGTC TCAAAAAAAA AAAAAAAAAA AATGCCATCG GCATGTTAGC 720 
721 GAGAAAATGT CAACTATTTC ATGCATCAGC CACACCCACC CCCATCCCCA GGATGCTTGC 780 
781 CCCACCACTT TCTCTTTCTT TTGTAAACTG AAAAGCGCTT TGCAGTCTAA GATAGTCCAT 840 
841 TAGAGTAAAT GAAGCCATGA AGTCCAGCGG ACACCGGGAG TGGGGAGTGG GGAAGCCCGG 900 
901 CACTCCGGGA GACCGGGCCA GGGAAGGAGG GTCTGGACCG GACCCAGCCC CTGCCCGGGG 960 
961 AGCGAGCTCC GGAGCTGCCC TACGAGGTCA AAACGTAGCA GTGGCGGAGA CCCGCAGGGG 1020 
1021 GCGCCCGAAC GCCACCCTCG GCCCCTCCCC GCTCCAGAGG CCCCGCCCCG TCACGTGCCC 1080 
1081 GCGGTTCGCG TCACACCCGG AAGCAGG I 107 

[05781 The transcription start site is identified as nucleotide 1062 in SEQ ID 

NO:77. The present invention is also directed to polynucleotides having all, 
part, or none of the nucleotides downstream of the C35 transcription start site 
(that is, a polynucleotide having all, part, or none of the nucleotides between 
and including nucleotides 1062 and 1 107 of SEQ ID NO:77). Thus, by way of 
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non-limiting example, the present invention comprises a polynucleotide, the 
sequence of which is at at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to the nucleotide sequence from ahout position 1 to about position 
1061ofSEQIDNO:77. 

[0579] * The invention is further directed to fragments and/or functional 
derivatives of the C35 promoter of SEQ ID NO:77 that promote transcription 
in cancer tissue, specifically breast cancer tissue, and more specifically, 
human breast cancer tissue. 

[0580] Thus, in another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 706 to 
about position 1107 of SEQ ID NO:77 (also known herein as the "short 
promoter"), as shown below, wherein said polynucleotide, promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

706 CATCGGCATG TTAGCGAGAA AATGTCAACT ATTTCATGCA TCAGCCACAC CCACCCCCAT 765 
766 CCCCAGGATG CTTGCCCCAC CACTTTCTCT TTCTTTTGTA AACTGAAAAG CGCTTTGCAG 825 
826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGGAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 
946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAAOG TAGCAGTGGC 1005 
1006 GGAGACCCGC AGGGGGOGCC CGAACGCCAC CCTCGGCCCC TCCCCGCTCC AGAGGCCCCG 1065 
1066 CCCCGTCACG TGCCCGCGGT TCGCGTCACA CCCGGAAGCA GG 1107 



[0581] The transcription start site is identified as nucleotide 1062 in SEQ ID 

NO:77. The present invention is also directed to "short promoter" 
polynucleotides having all, part, or none of the nucleotides downstream of the 
C35 transcription start site (that is, ^short promoter" polynucleotides, having 
all, part, or none of the nucleotides between and including nucleotides 1062 
and 1107 of SEQ ID NO:77). Thus, by way of non-limiting example, the 
present invention comprises a polynucleotide, the sequence of which is at at 
least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide 
sequence from about position 706 to about position 1061 of SEQ ID NO:77. 

[0582] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
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99%, or 100% identical to the nucleotide sequence from about position 1006 
to about position 1107 of SEQ. ID NO:77 (also known herein as "promoter 
fragment 1"), as shown below, wherein said polynucleotide, promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

1006 GGAGACCCGC AGGGGGCGCC CGAACGCCAC CCTCGGCCCC TCCCCGCTCC AGAGGCCCCG 1065 
1066 CCCCGTCACG TGCCCGCGGT TCGCGTCACA CCCGGAAGCA GG 1107 

[0583] The transcription start site is identified as nucleotide 1062 in SEQ ID 

NO:77. The present invention is also directed to "promoter fragment 1" 
polynucleotides having all, part, or none of the nucleotides downstream of the 
C35 transcription start site (that is, "promoter fragment 1" polynucleotides 
having all, part, or none of the nucleotides between and including nucleotides 
1062 and 1 107 of SEQ ID NO:77). Thus, by way of non-limiting example, the 
present invention also comprises a polynucleotide, the sequence of which is at 
at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide 
sequence from about position 1006 to about position 1061 of SEQ ID NO:77. 

[0584] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 906 to 
about position 1005. of SEQ ID. NO:77 (also known herein as "promoter 
fragment 2"), as shown below, wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

906 CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 

946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAACG TAGCAGTGGC 1005 

[0585] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 806 to 
about position 905 of SEQ ID NO:77 (also known herein as promoter 
fragment 3"), as shown below, wherein said polynucleotide promotes 
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transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

806 AACTGAAAAG CGCTTTGCAG 825 

826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGGAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC 905 

[0586] In another embodiment, the present invention a polynucleotide, the 

sequence of which is at least 90%, 95% 96%, 97%, 98%, 99%, or 100% 
identical to the nucleotide sequence from about position 706 to about position 
805 of SEQ ID NO:77 (also known herein as promoter fragment 4"), as 
shown below, wherein said polynucleotide promotes transcription in cancer 
tissue, specifically breast cancer tissue, and more specifically, human breast 
cancer tissue: 

706 CATCGGCATG TTAGCGAGAA AATGTCAACT ATTTCATGCA TCAGCCACAC CCACCCCCAT 765 
766 CCCCAGGATG CTTGCCCCAC CACTTTCTCT TTCTTTTGTA 805 

[0587] In another embodiment, the present invention a polynucleotide, the 

sequence of which is at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to the nucleotide sequence from about position 906 to about position 
1107 of SEQ ID NO:77 (also known herein as "promoter fragment 5"), as 
shown below, wherein said polynucleotide promotes transcription in cancer 
tissue, specifically breast cancer tissue, and more specifically, human breast 
cancer tissue: 



906 CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 

946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAACG TAGCAGTGGC 1005 
1006 GGAGACCCGC AGGGGGCGCC CGAACGCCAC CCTCGGCCCC TCCCCGCTCC AGAGGCCCCG 1065 
1066 CCCCGTCACG TGCCCGCGGT TCGCGTCACA CCCGGAAGCA GG 1107 



[0588] The transcription start site is identified as nucleotide 1062 in SEQ ID 

NO:77. The present invention is also directed to promoter fragment 5" 
polynucleotides having all, part, or none of the nucleotides downstream of the 
C35 transcription start site (that is,, promoter fragment 5" polynucleotides 
having all, part, or none of the nucleotides between and including nucleotides 
1062 and 1107 of SEQ ID NO:77). Thus, byway of non-limiting example, the 
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present invention also comprises a polynucleotide, the sequence of which is at 
at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide 
sequence from about position 906 to about position 1061 of SEQ ID NO:77. 
[0589] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 806 to 
about position 1107 of SEQ ID NO:77 (also known herein as "promoter 
fragment 6"), as shown below, wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

806 AACTGAAAAG CGCTTTGCAG 825 

826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGGAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 
946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAACG TAGCAGTGGC 1005 
1006 GGAGACCCGC AGGGGGCGCC CGAACGCCAC CCTCGGCCCC TCCCCGCTCC AGAGGCCCCG 1065 
1066 CCCCGTCACG TGCCCGCGGT TCGCGTCACA CCCGGAAGCA GG 1107 

[0590] The transcription start site is identified as nucleotide 1062 in SEQ ID 

NO:77. , The present invention is also directed to "promoter fragment 6" 
polynucleotides having all, part, or none of the nucleotides downstream of the 
C35 transcription start site (that is, "promoter fragment 6" polynucleotides 
having all, part, or none of the nucleotides between and including nucleotides 
1062 and 1 107 of SEQ ID NO:77). Thus, by way of non-limiting example, the 
present invention also comprises a polynucleotide, the sequence of which is at 
at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the nucleotide 
sequence from about position 806 to about position 1061 of SEQ ID NO:77. 

[0591] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 806 to 
about position 1005 of SEQ ID NO:77 (also known herein as "promoter 
fragment 7"), as shown below, wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 
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806 AACTGAAAAG CGCTTTGCAG 825 

826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGQAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 
946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAACG TAGCAGTGGC 1005 

[0592] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 706 to 
about position 1005 of SEQ ID NO:77 (also known herein as promoter 
fragment 8"), as shown below, wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

706 CATCGGCATG TTAGCGAGAA AATGTCAACT ATTTCATGCA TCAGCCACAC CCACCCCCAT 765 
766 CCCCAGGATG CTTGCCCCAC CACTTTCTCT TTCTTTTGTA AACTGAAAAG CGCTTTGCAG 825 
826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGGAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC CGGGAGACCG GGCCAGGGAA GGAGGGTCTG GACCGGACCC 945 
946 AGCCCCTGCC CGGGGAGCGA GCTCCGGAGC TGCCCTACGA GGTCAAAACG TAGCAGTGGC 1005 

[0593] In another embodiment, the present invention comprises a 

polynucleotide, the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 
99%, or 100% identical to the nucleotide sequence from about position 706 to 
about position 905 of SEQ ID NO:77 (also known herein as "promoter 
fragment 9"), as shown below, wherein said polynucleotide promotes 
transcription in cancer tissue, specifically breast cancer tissue, and more 
specifically, human breast cancer tissue: 

706 CATCGGCATG TTAGCGAGAA AATGTCAACT ATTTCATGCA TCAGCCACAC CCACCCCCAT 765 
766 CCCCAGGATG CTTGCCCCAC CACTTTCTCT TTCTTTTGTA AACTGAAAAG CGCTTTGCAG 825 
826 TCTAAGATAG TCCATTAGAG TAAATGAAGC CATGAAGTCC AGCGGACACC GGGAGTGGGG 885 
886 AGTGGGGAAG CCCGGCACTC 905 

C0594] In one embodiment, the present invention comprises a polynucleotide, 

the sequence of which is at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to SEQ ID NO:78, as shown below (also known herein as the "extra 
long promoter- % wherein said polynucleotide promotes transcription in cancer 
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tissue, specifically breast cancer tissue, and more specifically, human breast 
cancer tissue: 



1 TGTCCAGATT CCAGGCCCAA GGAAACTAAA ATTATCTTGG GCAGATGGGG GCGGGTCCAG 60 
61 GGGAGGCGCC TGGGAGGAGG AAACCTGGGA GGAGGGCGGA GACTCCCTGA CTACGCCAAC 120 
121 TGGGATTGTT TTTGCCCTTC CTAGCOTGGC AGCAGGTGCC AAGGGAGGAT GCAGGTGCCT 180 
181 GGGGAGAGGC GGGGAAGRCA GCCGAACAGA CAGTACCACG AGCGAAGATC AAGAGTCCCG 240 
241 ACCACCTGGG AGGGAGGGGG GAGGGCCTGG GGGCTGCAAG GTAAGGGGAA CCACCCCATC 300 
301 CACTCTTTTC CAACACCCTC CCCGAACCTG GTCTGTTCAT TGGCCAAGCC TGGGGGCCTG 360 
361 TCTGCAGCTC TGGATCCCAC CCCATGGGGC AAAGAGCACC CTGCCGAGAG GGACGCCAGC 420 
421 CAGGGTGGTG TCCAGCAACA TGGCCTGCCC CTCGATCTGC AGTCACCCTT ACCGTGGTGG 480 
481 CTGCGCCCTG GCCCCTCAGA GGTACCCAGG GTAAGCCCTC CCTCCCCCGC CCCCCACCTT 540 
541 CTGAGCAAAG TCCAGAGTCT TGGCTTCTCC TTTAAAATCG AGGGGGTTAG GCAGGGTGGC 600 
601 ACAGTGGGAG GAGCCATGGT GACCTGGAGA AAGCTCTGGC CTGGGCCCCT GGGGATTCCT 660 
661 CTTAGAGGGA TCACTTTATT TTATTTTTTT TTGAGCCAGA GTCCCGCTCT GTCACCCAGG 720 
721 CTGGAGTGTA GTGGTGCCAT CTTGGCGCAC TGCAAACTCT GCCTCCCAGG TTCAAGCAAT 780 
781 TCTCCTACCT CAGCCTCCGG AGTAGCTGGG ATTACAGGCG CCTGCCACCA CACCCAGCTA 840 
841 ATTTTTGTAT TTTTAGTAAA GATGGGGTTT CTCCATGTTA ACCAAGTTGG TCTTGAACTC 900 
901 CTGACCTCAG GTGATCTGCC CACCTCGGCC TCCCAAAGTG TTAGGATTAC AGGCATAAGC 960 
961 CACCACGCCC GGCCTGAGGG AACACTTTAG TTCTCTCAGG GATCACTTTA GCTGTCTCAT 1020 
1021 TCAGTGCTGG GCAAACACAG GGTACTTGGG AGAGGGGTTA GGAGGTGGAG ATCAAAGGCT 1080 
1081 GCGGCCACCA CCCAGCTTGA TGTGGGTGAC AGGAAAACAA ACAATCCTTA GGGTGATAAG 1140 
1141 AGGTCCACCC TGGAAGGGGC ACGAATGAGT GGCTCCTGCC TCAATTTTCT CCAGAGTTTT 1200 
1201 CCTAGGAAAA CCGGTATGAG TGGGCCCAGC AAAGAAGTGG GGGAGGAGGC AAGGTCTCTT 1260 
1261 TGGTGATGGA GCAGCTTGTG CAAAGGCAGA GTAGACAATT CACTCATTCA TTTATTCAAC 1320 
1321 TATCTGTTTA GTACCTACCA TATGCCAGCC CCATGTTTTG TGCTGGGGAT ACAGGCGTAA 1380 
1381 ACAACAAAAA CAGACCCCGC CCATCCTCAC ACAGCCAATC AGGAAGATTG ATGTTAACCA 1440 
1441 AAGAATCACA CAAATAAGAA ATGACAGGAG ACAACTATGC TGGGAAAATG ACTCACATAG 1500 
1501 GGAGTCAGGA AAGACTTCTC AGTGGAGGTG ACAGCTGAGC AGAGGAGAAG CTGGCTGAGA 1560 
1561 TGGGAAGGGG GTTGGAATCG GTGGATGGGA ATTGGGGAAG GAGGCCACTT TCCCCAGTGA 1620 
1621 GGAAATCAAT GCCAGAGCTC TGGGCAGGAG GAGATGCAGC ATGCGGAGAC AGAGAGTGGG 16B0 
1681 GTTGGAGGAG AAGGGAGGAA GCAGAGGCCA CGTGGGTGAA CCTGGACAGG TGTGGAAGGT 1740 
1741 GTGGAGAGAG GAAGCTGTGC TTCTGCAAAT GTGGCCTCTA GACCTCCCTA ACCTTGTGTG 1800 
1801 GAAAATAGAT TCTTGGGCTC CTCTCCAGCA ACTGAATCTC AGTCTCTAGG GCTAAGACCC 1860 
1861 AGGAAGGTGT GGTATTGACA AGCCCTCAGG TGGCTGTTCT GCAAACCAGG TTTGAGAGCC 1920 
1921 ATCCATCCTG TTTGTCCAGA TGGGCAGGAG TAGCGGTCAA AGACCAGACC CTGCAAGTTG 1980 
1981 TATTTAGACT TAAGTAGAAG CACAGAGGAG AGGGCACATT TACATTTTGG AAAGATCATC 2040 
2041 CTGGATATTG AAGGATGGGA TGGAAACAAA GCCACAGTCA GAGGGCGGAG TGCTGTAGGA 2100 
2101 ATCAACTTAT ATGGCTTTCT GGAGCGGGTG GAACTGTGTG AACAAAAACC AGGTCTGGGG 2160 
2161 TTGGGGAGGA GGGAGAGGGG TCCACAGTAG GGGGCACAGG GACTTGTGAG AGGTGATGGG 2220 
2221 ACCATACTGT ATCTTGGTTT TGGGGTTGGA TGCACAAATG TGTGTGTTTC TTAGGACTCA 2280 
2281 TAGAAAGGCA CACTCAAGGC TGGGTGCGTG GTTCACCCCT GTAATTCCAG GACTTTGGGA 2340 
2341 GGCTGAGGCA GGTGGATCAC GAGGTCAGGA GTTCAAGACC AGCCTGACCA ACATGGCAAA 2400 
2401 ACCCCGTCTC TACTAAAAAT ACAAAAATTA GCCGGGCGTG GTGGCGTACG CCTGTAATCT 2460 
2461 CAGCTACTCA GGAGGCTGAA GCAGGAGAAT CTCTTGAACC CACGAGACGG AGGTTTCAGT 2520 
2521 GTGCTGAGTT CGAGCCATTG CACTCCAGCC TGGGAGACAA GAGCGAGACT CCATCTCAAG 2580 
2581 AAAAGAAAAA AAAAAGAAAG GTACACTCAA GAGGATGAAT TTTACTGTGT ATAAGTTGTA 2640 
2641 TCTGAATTTA AAAACAACAA CAACTATAAG GCCAGGTACG GTGGCTAACA CCTGTAATCC 2700 
2701 CAACACTTTG AGAGGCCGAG GCAGGTGGAT CATGAGGTCA GGAGTTCGAG ACCAGCCTGG 2760 
2761 CCAACATGGT GAAACCCCGC CTCTGCTAAA AATGCAAAAA TTAGCTGGGC ATGGTGGTGT 2820 
2821 GCACCTATAA TTCCAGCTAC ACAGGAGGCT GAGGCAGGAG AATTGCTTGA ACCCAGGAGG 2880 
2881 CGGGGGTTGC AGTGAGCTGA GATCGTGCCA CTGCACTCCA GCCAGGGTGA CAGAGCAAGA 2940 
2941 CTCCGTCTCG GGGGAAAATA ATAATAATAA TAAATAAGAA TGCGTTTATA GGTCAATGGA 3000 
3001 ACAGAATCCA GAGTCCAAGT AGAAACCCTT ACATTTCTGG TCAATTGATT TTACAAGGTG 3060 
3061 CCAAGACAAT TTCATGGAGG AAAGGATAGG CATTCAATAA ATGCTGCTGT GATCAATTGG 3120 
3121 ATAGCCACAT GCCAAAAGGT GAATTTAGAT CTTTTGCTCA CAGGATGCAT AAGAAAAAAA 3180 
3181 AAACTTGAAA TAGATCAGAT ACCTGAATGT AAGAGCTAAA ACCATAAAAC TTCTAGAAGA 3240 
3241 AACCATGGGA GATAGTCTTC ATGACCTTGG GTTAGGCAGA GAACTTGAAT ATAACAGCAA 3300 
3301 AAAGACAACT GACAAGAGAA AAAAATTGAT GTTAGACTTT GTCAAAATTT AAAATTTTTG 3360 
3361 CACTTCAAAA GCCACCATTA ATAAGAGGCC AGGAGGCCGC GCGCAGTGGC TCACACCTGT 3420 
3421 AATCCCAGCA CTTTGGGAGG CCGAGGCGGA TGGGTCACCT GAGGTCGGGA GTTCAAGACC 3480 
3481 AGCCTGGCCA ACATGGAGAA ACCCCATCTC TACTAAAAAA AAAAAAAAAA AAAAAAAAAA 3540 
3541 AATACAAAAT TAGCCAGACA TGGTGGTGCA TGCCTGTAAT CCCAGCTACT CGGGAGTCTG 3600 
3601 AGGCAGGAGA ATCGCTTAAA CCCAGGAGGC GGAAGTTGCA GTGAGCCAAG ATGGTGCCAT 3660 
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3661 TGCACTCCAG CCTGGGCAAG AAGAGCAAAA CTCCATACGA AAAAAAAAAA AAAAAAAAAA 3720 
3721 AAAAAAAAGA AGGGGTCAGG CATGGTGGCT CATACCTGTA ATCCCAGCAT TTTGGGAGGC 3780 
3781 TGAGGCAGGT GAATCGCTTG AGCCCAGGAG TTTGAGACCA GCCTAGGCAA CCTGGCAAGA 3840 
3841 CCTCATCTCT ACAAAAGATA TAAAATCTAT CCAGGCATGG TGGTGCGGGC CTATAGTCCT 3900 
3901 AGCTACTTGG TGGGGCTGAG GTGTGACAAT CACTTGAGCC TGAGAAGTTG GGGCTGCAGT 3960 
3961 GAGCTGTGAT TGTGCTACTG CGCTCCAGTC TGGGTGACAG AGAAAGACAC TGTCTCAAAG 4020 
4021 AAAAGAAAGA AAAAATGAAG CCAGATGAAG TGGCTCATGC CTGTGATCCC AGCACTTTGG 4080 
4081 GAGGCTGAGG TAGCCAGATC ACTTGAGGCC AGAGTTCCAG ACCAGCCTTG CCAACATAGC 4140 
4141 GAAAACAGCC TGGCCATTGC TACTAAAAAC ACAAAAAATT ATCTGGGCTA TGGTGGTGCA 4200 
4201 CGCCTGTAAT TTCAGCTGCT TGGGAGGCTG AGGCACAAGA ATCTCTTGAA CCCAGGAAGT 4260 
4261 GGAGGTTGAA GTGAGCCAAG ATTGTGCCAC TGCACTCCAG CCTGGGTGAC ACAGTGAGAC 4320 
4321 CCCTGTCTCA AAAAAAGAAA GAAAGAAAGA AAAAAGAAAA AAAACTAGCC GAAGACTGGG 4380 
4381 AGAAAATAGT TGCAAATCAT ATACAACTAT ATATGGTTGT ATATATGGTT GTATATATTT 4440 
4441 TGGTTGGTAT CCAAAATATA TAAAGAACTT TTACAAATCA ATAATAAAGA GACAAATAAA 4500 
4501 AATGGGCAAA AGACTTGAAT AGATGTTTCT TCAAATAATA TGTATATGAA TGGCTAATAA 4560 
4561 CTACATGAAA AGATACACGA CATAGTCATT AGATAAATGA GAATTAAAAC CACAGTTACA 4620 
4621 TACCATGTCA TGTCCACTAG GATGGTTATA ATCAAAGAGA CAGAAAACAA GTATTGGTGA 4680 
4681 GGATATGGAG AGACAAATCC TCATATATTG CTGGTGGGAA AACTTTGAAA AACAGTCTGG 4740 
4741 CCATTTCTTA AAATGTTAAA TGCTAGCCTG GGCAAAATGG CAAAACCTTG TCTCTACAAA 4800 
4801 AAATACAAAA AAAAATTAGC TGGGCATGGT GGTGCGTGTC TGTCGTCCCA GCTATTCAGG 4860 
4861 AGGCTGAGGC AAGAGGATAG CTTGAGTTTA GCAGGTCGAG GCTGCAGTGA GCCATGTTTG 4920 
4921 CACTGCTGCA TTCCAGCGTG GGCAACAGAG CGAGACCCTG TCTCAAAAAA AAAAAAGATA 4980 
4981 ATCATAAATT AAACACAGGA CCCAGCAGTT CTACCCTTAG GAATCTACCC AAGAGAAATG 5040 
5041 AAAACACACA CCTATACAAA GACACCTAAA CATTTGTAGC AGCATTATTC AAAAAAGACA 5100 
5101 AAAAAAACTG GAACCCTAAA TATCCATCAG CTGGTGAATT AAGAAAAAAA TGTGGCATAA 5160 
5161 CCACACAGTG GAATACGACT CAGCAATGAA AAGGAACAAA CTACTCTAGA CGCTACAGGA 5220 
5221 TGAACGCATT TCAAAAAACA TATTGAATGA AAGAACCAGA AGCAAAAGGC CACATAGTGT 5280 
5281 ATTATTCTGT TTATATGAAA CATCCAGAAA AGGCAAAGTT AGAGACAGAA AGCAGATCAG 5340 
5341 TGGTTGCACA GGACTGGAAT TGGGAGCTGG ATTGACCAGA AACAGGTGGG AAGGACTTAT 5400 
5401 CAGGTTGACG GAAACATTCT GTAACTGGAT TGTAGTGATG GTTAGGCAAC AGTACAAATC 5460 
5461 ACTGCATTTT CTTTCTTTTC TTTTCTTTTC TTTTTTTTTT GGAACACAGT CTCACTCTGT 5520 
5521 CACCCAGGCT GGAGTGCAGT GGTGAGATCT CAGCTCACTG CAACCTCCAC CTCCCAGGTT 5580 
5581 CAAGCGATTC TCCTGCCTCA GCCTCTGGAG TAGCTGGTGC GCCACCACAC CCAGCTAATT 5640 
5641 TTTGTATTTT TAGTAGAGAC AGGGTTTTGT CGAGTTGGCC AGGCTGGTCT TGAACTCCTG 5700 
5701 GCGTCAAGTG ATCCGCCCAC CTTGGCCTCC CAAAACGCTG GGATTACAGG TGTGAGCCAC 5760 
5761 TACGACCTGC CTGGTTTAAA AAAAAAAAAA ATGAGCCCGG GTGCAGTGGT TCACACCTGT 5820 
5821 AATCCCAGCA CTTTGGGAGG CCAAGATGGG CAGATCACAA CTTCAGGAGT TCGAGACCAG 5880 
5881 CCTGGCCAAC ATGGTGAAAC CCCATCTGTA CTAAAAATAG AAAAATTAGC TGGCTTGGTG 5940 
5941 GTGGGCACCT GTAATCCCAG CTGCTCAGGA GGCTGAGACA GGAGACTCAC TTGAGGCCGG 6000 
6001 AAGGCAGAGG TTGCAGTAAG CCGAGATCGC ACCATTGCAC TCCAGCCTGG CCAACAGAGC 6060 
6061 AAGACTCTGT CTCAAAAAAA TAATAATAAT AGTAATACAA AAGTTAGCTG GGCGTGGTGG 6120 
6121 CTGGCACCTA TGATCTCAGC TACTAGGGAG ACTGAGGCAG GAGAATCGCC TGAACCCAGG 6180 
61&1 AGGTGGAGGT TGCAGTGAGC CAAGATCGCG CCACTGCACT CAAGCTTGGG TGACAGAGTG 6240 
6241 AGACTCCATC TCAAAATAAA TAAATAAATA AATAAATAGC CTAAAGGGAC ACTAGAGTGG 6300 
6301 GTGGCGTGTT AGGATACCAT AGTGGTACTG TAGGCAGGGA AAAGGCAGCG AGGACTTGTG 6360 
6361 CAGACTCCAT TTCCAGAGCT GCAAAATGGG AATAATGACG CCAGCCCCCC AGTGAGAGGC 6420 
6421 TGGATGAGAA GGGATGCGCA GAAACTGTTG GGGGCACAGA GCCTGAAGAG CATCTACTGT 6480 
6481 TTTCCAGTGC AGGCAAGAAG GAGCTGCAAA AGACTGGAAA AAGCAGTTTA GAGCTTTGGG 6540 
6541 ATCAGAAACA CTTGTGTATG TAACTACAGG GTGGTTCCAA ATGCCATCAG CACCGGGCGT 6600 
6601 GGTGGCTCAC GCCTGTAATC CCAGCACTTT GGGAGGCCAA GGCAGGCAGA TCATTTGAGG 6660 
6661 TCAGGAGTTC GAGACCAGTC TGGCGAACAT GGTGAAACCC TGTCTCTACT AAAACAAACA 6720 
6721 AACAAACAAA CAAAAAACTG GGCCAGGCGC GGTGGCTCAT GTCTGTAATT CCAGCACTTT 6780 
6781 AGGAGGCCGA GGCTGGTGGA TCACCTGAGG TCAAGAGTTC GAGACCAGCC TGACCAACAT 6840 
6841 GATGAAACCC TGTCTCTACT AAGAATACAA AATTAACCGG GTGCGGTGGC ACGCGCCTGT 6900 
6901 AGTCCCAGCT ACTCGGGAAG CTGAGGCAGA AGAATCGCTT GAACCCGGGA GGCAGAGGTT 6960 
6961 GCAGTGAACC GAGATCGCGC CATTGCACTC CAGCCTGGGC AACAAGAGCG AAACTCCGTC 7020 
7021 TCAAAAAAAA AAAAAAAAAA AATGCCATCG GCATGTTAGC GAGAAAATGT CAACTATTTC 7080 
7081 ATGCATCAGC CACACCCACC CCCATCCCCA GGATGCTTGC CCCACCACTT TCTCTTTCTT 7140 
7141 TTGTAAACTG AAAAGCGCTT TGCAGTCTAA GATAGTCCAT TAGAGTAAAT GAAGCCATGA 7200 
7201 AGTCCAGCGG ACACCGGGAG TGGGGAGTGG GGAAGCCCGG CACTCCGGGA GACCGGGCCA 7260 
7261 GGGAAGGAGG GTCTGGACCG GACCCAGCCC CTGCCCGGGG AGCGAGCTCC GGAGCTGCCC 7320 
7321 TACGAGGTCA AAACGTAGCA GTGGCGGAGA CCCGCAGGGG GCGCCCGAAC GCCACCCTCG 7380 
7381 GCCCCTCCCC GCTCCAGAGG C 7401 
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[0595] As used herein, the designation "functional derivative" denotes, in the 

context of a functional derivative of a nucleic acid sequence, a molecule that 
retains a biological activity (either functional or structural) that is substantially 
similar to that of the original sequence. This functional derivative or 
equivalent may be a natural derivative or may be prepared synthetically. Such 
derivatives include more precisely C35 promoter sequences having 
substitutions, deletions, or additions of one or more nucleotides, provided that 
promoter activity is conserved. The term "functional derivatives" is intended 
to include "fragments", "segments", "variants" "analogs" or "chemical 
derivatives" of the subject matter of the present invention. 

[0596] Thus, the term "variant" refers to a nucleic acid molecule that is 

substantially similar in structure and biological activity to the nucleic acids of 
the present invention. 

[0597] "Biological activity," in the context of the present invention, includes, 

but is not limited to* promoter activity. By a polynucleotide "retaining" or 
"having" promoter activity, or by promoter activity that is "conserved," it is 
meant that the polynucleotide is able to drive transcription of an operably 
associated polynucleotide having either a heterologous sequence or an 
endogenous sequence. In one embodiment, promoter activity is determined 
using a reporter gene assay (as described further in the Examples, infra), 
wherein the polynucleotide of the present invention is operably associated 
with a reporter gene, e.g. 9 luciferase, and the construct is introduced into a first 
host cell, specifically a "normal" (i.e., non-cancer) cell, more specifically a 
breast cell, and more even specifically an H16N2 cell. Likewise, the construct 
is introduced into a second host cell, specifically a cancer cell, more 
specifically a breast cancer cell, and even more specifically a 21MT2 cell. 

[0598] One of skill in the art will recognize that other normal cell lines (or, 

non-cancer cell lines) and cancer cell lines, including other normal breast cell 
and breast cancer cell lines, may serve as host cells for the polynucleotides of 
the present invention. Such cell lines include, but are not limited to MCF- 
10A, MCF-10F, MCF-10-2A, MCF12-A, MCF-12F, ZR-75-1, ZR-75-30, 
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UACC-812, UACC-893, HCC38, HCC70, HCC202, HCC1007 BL, 
HCC1008, HCC1143, HCC1187, HCC1187 BL, HCC1395, HCC1395 BL, 
HCC1419, HCC1428, HCC1428 BL, HCC1500, HCC569, HCC1599, 
HCC1599 BL, HCC1806, HCC1937, HCC1937 BL, HCC1937 BL, 
HCC1954, HCC1954 BL, HCC2157, HCC2157 BL, HCC2218, HCC38 BL, 
AU565, HCC1143 BL, MDA-kb2, HS 748.T, MB 157, SW527, 184A1, 
184B5, BT-483, BT-549, DU4475, Hs 578Bst, HS 578T, MDA-MB-330, 
MDA-MB-415, MDA-MB^15,.MDA-MB-435S, MDA-MB-436, MDA-MB- 
453, MDA-MB-468, T-47D, Hs 294T, BT-20, RT4, HT-1376, UM-UC-3, BT- 
20, MCF-7, SK-BR-3, FHC, HT-29, Caco-2, SW480, AsPC-1, Capan-1, 
PANC-1, HeLa, CaSKi, andME-180. 

[0599] As a further control, the reporter gene construct may be introduced into 

the same host cells as the promoter-reporter construct without being operably 
associated with the polynucleotides of the present invention. By comparing 
the expression of the reporter gene (e.g. 9 luciferase, the activity of which may 
be. expressed in "Relative Light Units" or RLUs), in the cancer host cells to 
the normal host cells, it is possible to determine the presence of promoter 
activity that is specific for or enhanced in cancer cells (such as breast cancer 
cells and/or bladder cancer cells). Thus, according to one embodiment of the 
present invention, promoter activity of the polynucleotides that is specific for 
or enhanced in cancer cells (such as breast cancer cells and/or bladder cancer 
cells) is present and/or retained if the difference in luciferase expression 
between the cancer host cells and the normal host cells, as measured in RLUs, 
is at least 2-fold, specifically at least 4-fold, and more specifically, at least 6.5- 
fold greater in the cancer cells than in the normal cells. 

[0600] The term "heterologous sequence" as used herein refers to. two or more 

polynucleotide sequences not joined together in nature. Non-limiting examples 
of heterologous sequences relative to the polynucleotides of the present 
invention include reporter genes such as chloramphenicol acetyl transferase 
(CAT), green fluorescent protein (GFP), blue fluorescent protein (BEP), 
yellow fluorescent protein (YFP), red fluorescent protein (RFP), beta- 



WO 2004/037993 



PCT/US2003/033557 



150- 



galactosidase, and the like, which can be juxtaposed or joined to the C35 
promoter polynucleotides of the present invention. 
[0601] The functional derivatives of the present invention can be synthesized 

chemically or produced through recombinant DNA technology. All these 
methods are well known in the art. 
[06021 One skilled in the art will realize that genomes often contain slight 

allelic variations between individuals. Therefore, the isolated nucleic acid 
molecules are also intended to include allelic variations, so long as the 
sequence is a functional variant of the C35 promoter sequence. When a C35 
promoter allele does not encode the identical sequence to that found in SEQ 
ID NO:77 it can be isolated and identified as a C35 promoter using the same 
techniques used herein, and especially PGR techniques to amplify the 
appropriate region with primers based on the sequences disclosed herein. 
[0603] The term "allele" defines an alternative fonn of a gene that occupies a 

given locus on a chromosome. 
[0604] As commonly known, a "mutation" is a detectable change in the 

genetic material which can be transmitted to a daughter cell. As is well known, 
a mutation can be, for example, a detectable change in one or more 
deoxyribonucleotides. For example, nucleotides can be added, deleted, 
substituted for, inverted, or transposed to a new position. Spontaneous 
mutations and experimentally induced mutations exist. 

[0605] ft is to fee noted ^ ^ term " a " or Han " refers to one or more of 

that entity; for example, "a polynucleotide," is understood to represent one or 
•more polynucleotides. As such, the terms "a" (or "an"), "one or more," and "at 
least one" can be used interchangeably herein. 

[0606] It is to be noted that the term "about" when referring to. a 

polynucleotide, coding region or any nucleotide sequence, for example, is 
understood to represent plus or minus 1 to 10 nucleotides on either end of the 
defined coding region, polynucleotide or nucleotide sequence. 

[0607] By a polynucleotide of the present invention having a nucleotide 

sequence at least, for example, 95% "identical" to a reference nucleotide 
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. sequence of the present invention, it is intended that the nucleotide sequence 
of the polynucleotide is identical to the reference sequence except that the 
polynucleotide sequence may include up to five point mutations per each 100 
nucleotides of the reference nucleotide sequence, while still retaining promoter 
activity. In other words, to ohtain a polynucleotide having a nucleotide 
sequence at least 95% identical to a reference nucleotide sequence, up to 5% 
of the nucleotides in the reference sequence may be deleted or substituted with 
another nucleotide, or a number of nucleotides up to 5% of the total 
nucleotides in the reference sequence may be inserted into the reference 
sequence, while still retaining promoter activity. This calculation is an 
example, and also applies to polynucleotides having other percent identities to 
a reference sequence (e.g., polynucleotides having a nucleic acid sequence that 
is at least 90%, 96%, 97%, 98%, 99%, or 100% identical to a reference 
sequence). 

[0608] As a practical matter, whether any particular nucleic acid is at least 

90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to a nucleotide sequence 
of the present invention can be determined conventionally using known 
computer programs. A preferred method for detennining the best overall 
match between a query sequence (a sequence of the present invention) and a 
subject sequence, also referred to as a global sequence alignment, can be 
determined using the FASTDB computer program based on the algorithm of 
Brutlag et al., Comp. App. Biosci. 6:237-245 (1990). In a sequence alignment, 
the query and subject sequences are both DNA sequences. An RNA sequence 
can be compared by converting LPs to T ! s. The result of said global sequence 
alignment is in percent identity. Preferred parameters used in a FASTDB 
alignment of DNA sequences to calculate percent identity are: 
Matrix=Unitary, k-tuple=4, Mismatch Penalty=l, Joining Penalty=30, 
Randomization Group Length=0, Cutoff Scored, Gap Penalty=5, Gap Size 
Penalty 0.05, Window Size=500 or the length of the subject nucleotide 
sequence, whichever is shorter. 



WO 2004/037993 



PCT/US2003/033557 



-152- 

[0609] If the subject sequence is shorter than the query sequence because of 5' 

or y deletions, not because of internal deletions, a manual correction must be 
made to the results. This is because the FASTDB program does not account 
for 5 1 and 3 1 truncations of the subject sequence when calculating percent 
identity. For subject sequences, truncated at the 5 f or 3 f ends, relative to the 
query sequence, the percent identity is corrected by calculating the number of 
bases of the query sequence that are 5' and 3' of the subject sequence, which 
are not matched/aligned, as a percent of the total bases of the query sequence. 
Whether a nucleotide is matched/aligned is determined by results of the 
FASTDB sequence alignment This percentage is then subtracted from the 
percent identity, calculated by the above FASTDB program using the 
specified parameters, to arrive at a final percent identity score. This corrected 
score is what is used for the purposes of the present invention. Only bases 
outside the 5 f and 3' bases of the subject sequence, as displayed by the 
FASTDB alignment, which are not matched/aligned with the query sequence, 
are calculated for the purposes of manually adjusting the percent identity 
score. 

[0610] For example, a 90 base subject sequence is aligned to a 100 base query 

sequence to determine percent identity. The deletions occur at the 5' end of the 
subject sequence and therefore, the FASTDB alignment does not show a 
matched/alignment of the first 10 bases at 5' end The 10 unpaired bases 
represent 10% of the sequence (number of bases at the 5 f and 3 ! ends not 
matched/total number of bases in the query sequence) so 10% is subtracted 
from the percent identity score calculated by the FASTDB program. If the 
remaining 90 bases were perfectly matched the final percent identity would be 
90%. In another example, a 90 base subject sequence is compared with a 100 
base query sequence. This time the deletions are internal deletions so that 
there are no bases on the 5 f or 3' of the subject sequence which are not 
matched/aligned with the query. In this case the percent identity calculated by 
FASTDB is not manually corrected. Once again, only bases 5 1 and 3 f of the 
subject sequence which are not matched/aligned with the query sequence are 
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manually corrected for. No other manual corrections are to be made for the 
purposes of the present invention. 
[061 1] Using known methods of recombinant DNA technology, 
polynucleotide variants may be generated to improve or alter the 
characteristics of the C35 promoter and functional derivatives thereof. 

Transcription Factors and Their Predicted Binding Sites. 
[0612] Table 4 lists various transcription factors and other predicted binding 

sites by location within the C35 short promoter. As used herein, "Recognition 
Sequence" refers to the idealized binding site for each transcription factor and 
should be compared to the actual sequence within the C35 promoter fragments 
to determine quality of the call. Ultimately, call quality is a function of 
homology and length. The predicted transcription factor binding sites are 
based on standard string searches. Figure 25 shows the distribution of these 
sites along the length of the C35 long promoter. Table 5 is a reference table for 
ambiguous binding sites shown in Table 4. 



TABLE 4: Predicted C35 Transcription Factors and Their Binding Sites. 



Transcription 
factor 


Consensus 
Recognition 
Sequence 


Position of 
related 
sequence 
in SEQID 
NO:77 


Sense or 
Antisense 


Length 
(nt) 


Present in 
Promoter 
Fragment 
Nos. 


Pit-la 


ATGCATC 


741 


AS 


7 


1,8,9 


IUF-1 


CATCAG 


744 


S 


6 


1,8,9 


Spl 


GCCCCACC 
CA 


749 


AS 


10 


1,8,9 


Spl 


GCCACACC 
CAC 


749 


AS 


11 


1,8,9 


Tef-2 


CCACACCC 


750 


AS 


8 


1,8,9 


Spl 


CCCACC 


755 


AS 


6 


1,8,9 


PuF 


CCCACCC 


755 


AS 


7 


1,8,9 


GATA-1 


CCCACCC 


755 


S 


7 


1,8,9 


CACCC 
binding factor 


ccaccc 


756 


AS 


6 


1,8,9 


Spl 


CCACCC 


756 


S 


6 


1,8,9 


CAC binding 
protein 


CACCCC 


757 


AS 


6 


1,8,9 
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-nJT "^aipilttrV 




/QJ 


no 


o 


ISO 


AP-2 


TCCCCAGG 
Art 


765 


s 


10 


1,8,9 


PEA3 


SMGGAWG 

"V 
I 


769 


s 


8 


1,8,9 


C/EBPalpha 


CTTGCCCC 
A 


776 


s 


9 


1,8,9 


Spl 


GCCCCACC 

cc 


779 


s 


10 


1,8,9 


CAC-binding 
protein 


CCCACC 


780 


AS 


7 


1,8,9 


Spl 


CCCACC 


781 


AS 


6 


1,8,9 


Myc-Crl 


CCATTTTCT 
CT 


785 


AS 


11 


1,8,9 


GKLF 


CCYYTYYY 
TYNTTY 


785 


AS 


14 


1,8,9 


"DUTYT DIfl 


AC11 1CACT 

1 


787 


A CI 

AS 


10 


1,8,9 


lKr-1 


T 


788 


S 


10 


1,8,9 


CT)V 


C1I1CTT 


794 


A O 

AS 


7 


1,8,9 


/""l /CD TV— 1^1.- 

C/KDralpna 


ITNNGTTA 


799 


CI 

S 


8 


1,8,9 


CWH-1 


TV*""!"* AAA A 

TGTAAACA 
GA 


802 


s 


10 


1,8,9 


TYDT? 

Dhr 


AAA rvr/t A /™i 

AAACTGAC 

A A 

AA 


805 


A CI 

AS. 


10 


1,8,9 


ISGF-1 


AAACTGAA 
a 

AG 


805 


AS 


10 


1,8,9 


GATA-1 


AGATAG 


830 


AS 


6 


2,6-9 


UA1A-1 


AvrAlACr 


830 




6 


r\ /" r\ 

2,6-9 


UXQ 


VJl x MAI 1 A 

XV 


835 


A C* 

Ao 


9 


2,6-9 


Tol 1 


P ATT An 
v^-rYl 1AVJ 


OJO 


AC 


O 


o a q 
z,t>-9 


IUF-1 


CATTAGAG 


838 


AS 


8 


2,6-9 




ATG 


O/l 1 


AO 

AO 


1 1 








SA'X 
of J 


AO 

no 


O 


o < o 


Ftz 


AAGCCATT 
AAG 


852 


s 


11 


26-9 


Ftz 


AAGCCATG 
AAG 


852 


S 


11 


2,6-9 


P300 


GGGAGTG 


876 


s 


7 


2,6-9 


Zeste 


GGAGTG 


877 


AS 


6 


2,6-9 


AP-2alphaA 


TGGGGA 


881 


S 


6 


2,6-9 


Spl 


GGGGAGTG 
GC 


882 


S 


10 


2,6-9 


Spl 


GGGGGGTG 
GGG 


882 


AS 


11 


2,6-9 


P300 


GGGAGTG 


883 


S 


7 


2,6-9 
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Zeste 


GGAGTG 


884 


A CI 

AS 


6 


2,6-9 


AP-2alphaA 


TGGGGA 


888 


S 


6 


2,6-9 


NF-kappaB 


TGGGGAAG 


888 


S 


12 


2,6-9 




CCCA 








c-Ets-2 


GGGAAG 


890 


S 


6 


• 2,6-9 


Zeste 


CACTCC 


901 


s 


6 


2,6-9 


c-Ets-2 


GGGAAG 


921 


s 


6 


3,5-8 


Spl 


ACACAGCC 


942 


. AS 


10 


3,5-8 




CC 








Spl 


ACCCCGCC 


942 


AS 


10 


3,5-8 




CC 








Spl 


CCCAGCC 


943 


AS 


7 


3,5-8 


Spl 


MYYMGCC 


943 


AS 


9 


3,5-8 




YM 








Spl 


CTGCCC 


951 


AS 


6 


3,5-8 


MZF-1 


GCGCCCCA 


954 


S 


11 


3,5-8 




GCG 








GAGA factor 


GGGAGCG 


958 


AS 


7 


3,5-8 


Spl 


CTGCCC 


975 


AS 


6 


3,5-8 


PPAR 


AGGTCA 


985 


S 


6 


3,5-8 


ER 


AGGTCA 


985 


AS 


6 


3,5-8 


Spl 


GGGGCGGA 


1001 


S 


10 


3,5-8 




GA 










AP-2gamma 


CCCCGCAG 


1010 


AS 


10 


4-6 




GG 










CACCC- 


CCACCC 


1032 


AS 


6 


4-6 


binding factor 












Spl 


CCACCC 


1032 


S 


6 


4-6 


Ttk88K 


CCACCCT 


1032 


AS 


7 


4-6 


T&88K 


CCRCCCT 


1032 


AS 


7 


4-6 


Spl 


GGCCCC 


1040 


AS 


6 


4-6 


Spl 


GCCCCCTC 


1040 


S 


11 


4-6 




CCC 










Spl 


GCCCCGCC 


1041 


S 


10 


4-6 




CC 










Spl 


GCCCCGCC 


1041 


AS 


10 


. 4-6 




CC 










c>pl 




1 Ayl 1 
1041 


AS 


1 A 
10 


4-6 




CC 










Spl 


GCCCCACC 


1041 


S 


10 


4-6 




CC 










Spl 


GCCNCNCC 


1041 


S 


10 


4-6 




CC 










Spl 


TCCCCTCCC 
C 


1041 


AS 


10 


4-6 


Spl 


GCCCCTCC 


1041 


S 


11 


4-6 




CCA 










Spl 


CCCCTCC 


1042 


S 


7 


4-6 


Spl 


CCCCTCCC 


1042 


S 


8 


4-6 
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Spl 


CCCCTCCCC 


1042 


AS 


9 


4-6 


Spl 


CCCCTCCCC 

c 


1042 


AS 


10 


4-6 


Spl 


CCCCTCCCC 
TC 


1042 


S 


11 


4-6 


Spl 


CCCCNCCC 
CNCCCC 


1042 


S 


14 


4-6 


MAZ 


CCCTCCC 


1043 


AS 


7 


4-6 


Spl 


CCCTCCC 


1043 


S 


7 


4-6 


Spl 


TCCCCGCC 
CC 


1046 


AS 


10 


4-6 


Spl 


GGCCCC 


1059 


AS 


6 


4-6 


GCF 


CGCCCCGC 
CC 


1059 


AS 


10 


4-6 


GCF 


NGCCCCGC 
NN 


1059 


AS 


10 


4-6 


Spl 


GCCCCGCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCTCCGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


GCCCCGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


GCGCCGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


GCCCCGCC 
CG 


1060 


S 


10 


4-6 


Spl 


CCCCCGCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCCCCGCC 
TG 


1060 


AS 


10 


4-6 


Spl 


GACCCGCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCCCTGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


GCCCCACC 
CC 


1060 


S 


10 


4-6 


Spl 


GCTCCGCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCCCGGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


ACCCCGCC 
CC 


1060 


AS 


10 


4-6 


Spl 


GCCCTGCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCCNCNCC 
CC 


1060 


S 


10 


4-6 


Spl 


GCCCCGCC 
CA 


1060 


AS 


10 


4-6 


Spl 


TCCCCGCC 


1060 


AS 


10 


4-6 
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CC 










Spl 


CCCCGCCC 
C 


1061 


AS 


9 


4-6 


Spl 


MYYMGCC 
YM 


1061 


AS 


9 


4-6 


Spl 


CCCGCC 


1062 


AS 


6 


4-6 


Spl 


CCCGCCCC 


1062 


AS 


8 


4-6 


Spl 


CCCGCCCC 


1062 


S 


8 


4-6 


Spl 


CCGCCC 


1063 


S 


6 


4-6 


Spl 


CCGCCC 


1063 


AS 


6 


4-6 


RITA-1 


GCCACGTC 
AC 


1065 


S 


10 


4-6 


E4F1 


CGTNACG 


1069 


S 


7 


4-6 


E4F1 


CGTNACG 


1069 


AS 


7 


4-6 


USF 


GTCACG 


1070 


AS 


6 


4-6 


GFH 


GTCACGTG 


1070 


S 


8 


4-6 


USF 


GTCACGTG 


1070 


AS 


8 


4-6 


CBF1 


RTCACRTG 


1070 


S 


8 


4-6 


H 


GTCGCGTG 
CC 


1070 


AS 


10 


4-6 


USF 


GTCAYGTG 

see 


1070 


AS 


11 


4-6 


NF-IhsE2 


TCACGTGG 
CC 


1071 


AS 


10 


4-6 


TDEF 


CACGTG 


1072 


S 


6 


4-6 


CG-1 


CACGTG 


1072 


AS 


6 


4-6 


SPA 


GTCACAC 


1090 


AS 


7 


4-6 


c-Ets-1 


ACCGGAAG 
CA 


1096 


S 


10 


4-6 


c-Ets-1 


SMGGAWG 
Y 


1097 


S 


8 


4-6 



TABLE 5: Reference Table for Ambiguous Binding Sites in Table 4. 



Symbol 


Translation 


U 


Uracil 


B 


C.GorT 


D 


A,GorT 


H 


A,CorT 


K 


GorT 


M • 


AorC 


R 


AorG 


S 


CorG 


V 


A,CorG 
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w 


AorT 


Y 


CotT 


N 


A,C,GorT 



EXAMPLES 
EXAMPLE 1 

Construction and Characterization of Vaccinia Expression Vectors 

[0613] This example describes the construction and characterization of a new 

set of direct ligation vectors designed to be universally applicable for the 
generation of chimeric vaccinia genomes. The aim was to modify the genome 
of vNotl/tk so as to acquire direct ligation vectors which are more universally 
useful. First, the insertion site was changed by placing the sites for two unique 
restriction enzymes at the beginning of the thymidine kinase gene. This 
allows one to fix the orientation of the insert polynucleotide (e.g. DNA) and 
eliminates the production of contaminating wild type genomes after religation 
of viral arms. Second, in order to generate a direct ligation vector which 
would express high levels of protein, the thymidine kinase gene was preceded 
by a strong constitutive vaccinia virus promoter. 

[0614] These new ligation vectors contain a pair of unique restriction sites, 

NotI and Apal, to eliminate religation of poxvirus arms and fix the orientation 
of the insert polynucleotide (e.g. DNA) behind strongly expressing 
constitutive vaccinia promoters. The insertion cassette has been placed at the 
beginning of the thymidine kinase gene in vaccinia to utilize drug selection in 
the isolation of recombinants. 

Materials and Methods 



Plasmid Construction. Pairs of oligonucleotides were constructed 
which, when annealed, contained the 7.5k gene promoter (MM436: 
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GGCCAAAAATTGAAAAACTAGATCTATTTATTGCACGCGGCCGCCA 
TGGGCCC (SEQ ID NO:19) and MM437: GGCCGGGCCCATGGCGG 
CCGCGTGCAATAAATAGATCTAGTTTTTCAATTTTT (SEQ ID 
NO:20)), or the synthetic EL promoter (MM438: GGCCAAAAATTG 
AAATTTTATTTTTTTTTTTTGGAATATA 

(SEQ ID NO:21) and MM439: GGCCGGGCCCATGGCGGCCGCTT 
TATATTCCAAAAAAAAAAAATAAAATTTCAATTTTT (SEQ ID 
NO:22)) and restriction sites for NotI and Apal. The double-stranded 
oligonucleotides were annealed by ramping from 94° C to 20°C over two 
hours and ligated into the NotI site present in pJNotl/tk, a plasmid containing 
the HinriTTT J fragment from vNotl/tk, resulting in plasmids p7.5/tk and 
pELfk. 

[0616] A Polymerase Chain Reaction (PCR) was performed on pBI221, a 
plasmid containing the E.coligusA gene encoding for p-glucuronidase (P-glu), 
using primers MM440 (GGGAAAGGGGCGGCCGCCATGTTACGTCCTG 
TAGAAACC) (SEQ ID NO:23) and MM441 (GGGAAAGGGGGGCCC 
TCATTGTTTGCCTCCCTGCTG) (SEQ ID NO:24), or MM440 and MM442 
(GGGAAAGGGGCGGCCGCCTCATTGTTTGCCTCCCTGCTG) (SEQ ID 
N025), and the resulting fragment was cloned into pCRII (TA® cloning kit, 
Invitrogen). The plasmids were excised with NotI (MM440/MM442 product) 
and cloned into pJNot/tk digested with NotI yielding pJNot/tk-GUS, or 
excised with NotI and Apal (MM440/MM441 product), and inserted into 
pEL/tk and p7.5/tk previously digested with Apal and NotI yielding p7.5/tk- 
GUSandpEL/tk-GUS. 

[0617] Pairs of oligonucleotides were constructed which, when annealed, 

contained the 7.5k gene promoter and the nucleotide sequence encoding for a 
cytotoxic T-cell epitope for ovalbumin (Chan, W. K., et al., Nucleic Acids 
Res. 18:763-769 (1990)) (SHNFEKL; SEQ ID NO:26) (75ova: 
GGCCAAAAAT TGAAAAACTA GATCTATTTA TTGCACCATG 
AGTATAATCA ACTTTGAAAA ACTGTAGTGA (SEQ ID NO:27) and 
75ovarv: GGCCTCACTA CAGTTTTTCA AAGTTGATTA ATACTCATGG 
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TGCAATAAAT AGATCTAGTT TTTCAATTTTT (SEQ ID NO:28)) or the 
EL promoter and the peptide SDNFEKL (SEQ ID NO:29) (ELova: 
GGCCAAAAATTGAAATTTTATT^ 

AGTATAATCAACT TTGAAAAACTGTAGTGA (SEQ ID NO:30) and 
Elovarv: GGCCTCACTACAGTTmCAAAGTTGATTATACTCATGGT 
TTATATTCCAAAAAAAAAAAATAAAATTTCAATT^ (SEQ ID 
NO:31)). 

[0618] The double-stranded oligonucleotides were annealed by ramping from 

94 °C to 20°C over two hours and ligated into the NotI site present in 
pJNotl/tk, a plasmid containing the Hindin J fragment from vNotl/tk resulting 
in plasmids p7.5/tk-ova and pEL/tk-ova. 

[0619] Generation of Recombinant Viruses. Cells and viruses were 

maintained and manipulated as described by Earl, et al, In Ausubel, et al 9 
(eds.), Current Protocols in Molecular Biology, Greene Publishing 
Associates/Wiley Interscience, New York (1991)). Recombinant viruses were 
made using homologous recombination by infecting CV-1 cells at a 
multiplicity of infection (moi) of 0.05 and two hours later transfecting DNA 
into the infected cells using Upofectamine (Life Technologies Incorporated) as 
suggested by the manufacturer. After 72 hours the cells were harvested and 
isolated plaques were selected by passage in Hutk* cells in the presence of 
bromodeoxyuridine (Earl, et al, In Ausubel, et al (eds.), Current Protocols in 
Molecular Biology, Greene Publishing Associates/Wiley Interscience, New 
York (1991)) or HAT supplemented media (Weir, et al, 1982, Proc. Nat. 
Acad. Sci. USA, 79:1210-1214). 

[0620] Vaccinia virus was generated from viral DNA by rescue with fowlpox 

virus (Scheiflinger, et al, 1992, Proc. Natl. Acad. Sci. USA 89:9977-9981). 
Vaccinia virus was isolated from infected HeLa cells by banding and 
sedimentation in sucrose (Earl, et al, In Ausubel, et a/.(eds.), Current 
Protocols in ' Molecular Biology, Greene Publishing Associates/Wiley 
Interscience, New York (1991)). The purified virions were treated with 
Proteinase K (Boehringer Mannheim) and gently extracted with buffer 
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saturated phenol, phenol:chlorofonn (50:50), and chloroform before 
precipitation with 2.5 volumes of ethanol in 0.3M sodium acetate and 
resuspended in TE (lOmM TrisHCl, pH8.0. ImM EDTA (Earl, et al, In 
Ausubel, et al (eds.), Current Protocols in Molecular Biology, Greene 
Publishing Associates/Wiley Interscience, New York (1991)). Confluent 
wells of BSC-1 cells from a 12 well dish were infected with fowipox virus and 
after a two hour incubation at 37° C were transfected with 0.6 \\g full length 
vaccinia DNA using Lipofectamine (Life Technologies Incorporated) as 
suggested by the manufacturer. After 24, 48, and 72 hours the cells were 
harvested, lysed by three freeze-thaw cycles and screened by plaque assay on 
BSC-1 cells (Earl, et al, In Ausubel, et al, (eds.), Current Protocols in 
Molecular Biology, Greene Publishing Associates/Wiley Interscience, New 
York (1991)). 

[0621] Generation of Recombinant Viruses by Direct Ligation. The 1.1 kB 

Eco RI/ Eco RV restriction endonuclease fragment containing ovalbumin from 
pHbeta-Ova-neo (Pulaski, et al, 1996, Proc. Natl. Acad. Sci. USA, 93:3669- 
3674) was inserted into the EcoRI and EcoRV sites of pBluescript KS+ 
(Stratagene), generating pBS.ova. The DNA product from a Polymerase 
Chain Reaction (PCR) on pBS.ova using primers W0LZ5 
(GCAGGTGCGGCCGCCGTGGATCCCCCGGGCTGCAGG) (SEQ ID 
NO:31) and WTLZ3 (GTACCGGGCCCACAAAAACAAAATTAGTT 
AGTTAGGCCCCCCCTCGA) (SEQ ID NO:32) was digested with Apal and 
Not! (Life Technologies, Inc.), gel purified from low melting point agarose 
(Bio-Rad) using beta Agarase (Life Technologies, Inc.) following the 
recommendations of the manufacturer, and cloned into pBluescript KS+ that 
had been digested with NotI and Apal, generating pBS.Wova. A DNA 
fragment encoding ovalbumin was excised from pBS.Wova by digestion of 
this plasmid with Apal and NotI and purified after electrophoresis through a 
low melting point agarose gel using beta Agarase. One microgram of purified 
vEL/tk DNA was digested with Apal and NotI and centrifuged through a 
Centricon 100 concentrator (Amicon) to remove the small intervening 
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fragment The vEL/tk DNA anns and the DNA fragment encoding ovalbumin 
were ligated overnight at room temperature, at a 4:1 (insert: virus) molar ratio, 
in 30 microliters with 5 units T4 DNA Ligase. The ligation product was 
transfected using lipofectamine (Life Technologies, Inc.) into a well of 
confluent BSC-1 cells from a 12 well plate two hours after infection with 
fowlpox virus at 1 pfu/cell. Three days later the cells were harvested and 
isolated plaques were selected by passage in Hutk- cells in the presence of 
bromodeoxyuridine (Earl, et al, In Ausubel, et al (eds.), Current Protocols in 
Molecular Biology, Greene Publishing Associates/Wiley Interscience, New 
York (1991)). 

[0622] Analysis of Viral DNA Genomes. BSC-1 cells were infected at high 

multiplicity of infection (moi) by vaccinia WR, vEL/fk, v7.5/tk, or vNotl/tk. 
After 24 hours the cells were harvested and resuspended in Cell Suspension 
Buffer (Bio-Rad Genomic DNA Plug Kit) at lxl 0 7 cells/ml. An equal volume 
of 2% CleanCut agarose (Bio-Rad) preincubated at 50° C was added and the 
cell suspension was formed into 100 |il plugs. After hardening at 4° C the 
plugs were treated as previously described to digest protein (Merchlinsky, et 

al, J. Virol 53:1595-1603 (1989)). The plugs were equilibrated in the 

j 

appropriate restriction enzyme buffer and ImM PMSF for 16 hours at room 
temperature, incubated with restriction enzyme buffer, lOOng/ml Bovine 
Serum Albumin and 50 units NotI or Apal for two hours at 37 °C (NotI) or 
room temperature (Apal) prior to electrophoresis. 
[0623] One well of a 6 well dish of BSC-1 was infected with v7.5/tk or vEL/tk 

at high multiplicity of infection (moi) and after 48 hours the cells were 
harvested, pelleted by low speed centrifugation, rinsed with Phosphate- 
Buffered Saline (PBS), and the DNA was isolated using DNAzol (Gibco). 
The final DNA product was resuspended in 50 microliters of TE (lOmM 
TrisHCl, pH8.0. ImM EDTA) and 2.5 microliters were digested with Hindm, 
Hindin and Apal, or HindE and NotI, electrophoresed through a 1.0% 
agarose gel, and transferred to Nytran (Schleicher and Schuell) using a 
Turboblotter (Schleicher and Schuell). The samples were probed with p7.5/tk 
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(FIG. 2A) or pEL/tk (FIG. 2B) labeled with 32 P using Random Primer DNA 
Labeling Kit (Bio-Rad) in QuickHyb (Stratagene) and visualized on Kodak • 
XARfilm. 

[0624] One well of a 6 well dish of BSC-1 cells was infected with v7.5/tk, 

vEL/tk, vNotl/tk, vpNotl, vNotl/lacZ/tk, or wild type vaccinia WR at high 
multiplicity of infection (moi) and after 48 hours the cells were harvested, 
pelleted by low speed centrifugation, rinsed with Phosphate-Buffered Saline 
(PBS), and the DNA was isolated using DNAzol (Gibco). The final DNA 
product was resuspended in 50 microliters of TE (IQmM TrisHCl, pH8.0. 
ImM EDTA) and used in a PCR (30 cycles, 1 minute 94° C, 2 minutes 55° C, 
3 minutes 72° C, MJ Research PTC- 100) with primers MM407 
(GGTCCCTATTGTTACAGATGGAAGGGT) (SEQ ID NO:33) and MM408 
(CCTTCGTTTGCCATACGCTCACAG) (SEQ ID NO:34). The nucleotide 
sequence was determined by ^S sequencing using Sequenase Version 2.0 
DNA Sequencing Kit (Amersham), and visualized after electrophoresis 
through 8% denaturing polyacrylamide gels by exposure to Bio-Max film 
(Kodak). 

[0625] Determination of P-Glucuronidase Activity. A well of BSC-1 cells 

from a 12 well plate was infected at an moi of 1 with vNotl/tk-GUS, v7.5/tk- 
GUS and vEL/tk-GUS, the cells were harvested 20 hours post infection, 
resuspended in 0.5ml PBS, and disrupted by three cycles of freeze-thawing. 
The extract was clarified by a short microfuge spin (one minute, 14,000 rpm) 
and the supernatant was analyzed for p-glu units as described by Miller, 
Experiments in Molecular Genetics, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY (1972), as adapted for 96-well plates. The A405 values 
were determined on a microplate reader (Dynatech MR3000) and the P-glu 
activity was determined by comparison to P-glu (Clontech) standards analyzed 
in the same assay. 

[0626] Analysis of Cytotoxic T Cell Response. Confluent monolayers of 

MC57G cells in wells of a 6 well plate were infected at an moi of 1 with 
vEL/tk, v7.5/tk-ova, vEL/tk-ova, vEIVtk-ovaFL clone 1, and vEL/tk-ovaFL 
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clone 2 (vEL/tk-ovaFL are virus clones of full length ovalbumin generated by 
direct ligation). At 16 hours post infection cells were harvested, labeled with 
100 microcuries 51 Chromium (Dupont) for 1 hour at 37 °C, and 10 4 cells were 
added to wells of a 96 well round bottom plate in quadruplicate. A sample of 
uninfected MC57G cells incubated with 1 micromolar purified ova 257-264 
peptide was also incubated with 51 Cr as a positive control and untreated 
MC57G cells were used as a negative control. T cells specific for ova 257- 
264 were added to target cells at ratios of 2:1 and 10:1. Cells were incubated 
at 37°C for 4 hours, supernatants were harvested, and 5l Cr release determined. 
Spontaneous release was derived by incubating target cells with media alone 
and maximal release was determined by incubating target cells with 5% Triton 
X 100. Percentage of specific lysis was calculated using the formula: % 
specific lysis= ((experimental release-spontaneous release) / (maximal release- 
spontaneous release)) X 100. In each case the mean of quadruplicate wells 
was used in the above formula. 

Results 

[06271 Construction of Direct Ligation Vectors. The vaccinia WR genome is 

approximately 190 kilobases in length and rich in A and T residues. The 
complete sequence of the vaccinia WR genome was provided by P. Earl of the 
Bernard Moss laboratory (Laboratory of Viral Diseases, NIAID, NEH, 
Bethesda, MD). A restriction enzyme search of the complete sequence of the 
vaccinia WR genome using MacVector (D3I) revealed a lack of restriction 
sites for Apal, AscI, Bspl20I, Fsel, RsrH, Sfil, Srfl and SgfL The ready 
availability of highly active and pure preparations of the enzyme as well as the 
generation of a staggered end upon digestion led us to choose to use Apal as 
the second site in conjunction with the NotI site already present in vNot/tk. 

[0628] Vaccinia virus based expression vectors are most useful when the 

foreign protein is expressed constitutively. The expression of foreign proteins 
during the early stage of viral replication is essential for cytotoxic T cell 
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response (Bennick, et al Topics Microbiol Immunol 163: 153-1 84 (1990)) 
and high levels of total protein expression have been observed using 
promoters active during the late stage of viral replication. We decided to 
incorporate the promoters corresponding to the constitutively expressed 7.5k 
gene (Mackett, et al, J. Virology, 49:857-864 (1984)) and a constitutively 
expressed synthetic promoter EL noted for high level expression. 

[0629] A useful feature of vNotl/tk that must be retained in any new vector is 

the ability to discriminate for recombinant viral genomes using selection 
against an active thymidine kinase gene. The introduction of the Apal site 
within the coding sequence for the tk gene necessitates an increase in the total 
number of amino acids in order to accommodate the restriction enzyme site. 
A comparison of the amino acid sequence for thymidine kinase genes from a 
variety of animal and viral species showed the region of greatest heterogeneity 
was at the N terminus of the protein, suggesting that this region of the protein 
could tolerate a modest increase in the number of amino acids. 

[0630] The recombination-independent cloning vectors were constructed by 

making plasmid intermediates containing the modified thymidine kinase (tk) 
gene and replacing the tk sequence in the vNotl/tk genome by homologous 
recombination. Two sets of oligonucleotide pairs were constructed which, 
when annealed, contained the promoter for the 7.5k gene or the synthetic EL 
sequence and restriction sites for NotI and Apal. The modified thymidine 
kinase genes were constructed by annealing the double-stranded 
oligonucleotides and ligating the product into the NotI site present at the 
beginning of the thymidine kinase gene in pJNotl/tk, a plasmid containing the 
Hindm J fragment from vNotl/tk. The oligonucleotide pairs annealed to and 
eliminated the NotI site in pJNotl/tk generating a new NotI site closely 
followed by an Apal site after the promoter and flanking the nucleotides 
coding for the initial methionine in the thymidine kinase gene resulting in 
plasmids p7.5/tk and pEL/tk (FIG. 1). The acquisition of the Apal site was 
verified by restriction enzyme analysis of plasmid DNA and the nucleotide 
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sequence of the thymidine kinase gene promoter was determined and found to 
be as depicted in FIG. 1. 
[0631] The recombinant viruses derived from p7.5/tk and pEL/tk were 

isolated using a strategy relying on positive drug selection in the presence of 
HAT (hypoxanthine, aminopterin, thymidine) (Weir, et aL, Proc. Nat Acad. 
Sci. USA 7P:1210-1214 (1982)). The viruses vpNoti, a virus that contains a 
copy of pBR322 inserted at the NotI site of vNotl/tk (Merchlinsky, et at., 
Virology 190:522-526 (1992)), and vNotl/lacZ/tk, a virus with a copy of the 
lacZ gene interrupting the thymidine kinase in vNotT (Merchlinsky, et al y 
Virology. 190:522-526 (1992)) are thymidine kinase negative (tk") viruses that 
are identical to vNotl/tk except for the inserted DNA at the beginning of the tk 
gene. The plasmids p7.5/tk and pEL/tk were recombined with vpNoti and 
vNotl/lacZ/tk helper viruses in CV-1 cells and the infected monolayers were 
harvested and passaged in the presence of HAT media on Hutk" cells. 
Individual plaques were passaged and isolated an additional three rounds on 
Hutk" cells before expansion and analysis. 
[0632] Analysis of the Structure of the Viral Genomes. The growth of v7.5/tk 

and vEL/tk virus in HAT supplemented media implies these viruses, in 
contrast to vpNot and vNot/lacZ/tk, contain an active thymidine kinase (tk) 
gene. However, an active tk gene could arise from multiple crossovers which 
delete the 7.5k or EL promoter sequences, generating a virus with the normal 
tk promoter. The v7.5/tk and vEL/tk genomes should contain a unique site for 
both NotI and Apal within the HindHI J fragment The genomic structure of 
the isolated virus stocks was analyzed by restriction enzyme digestion of DNA 
in agarose plugs derived from virus infected cells using NotI or Apal and 
electrophoresis of the products through 1% agarose (FIG. 3). Uncut vaccinia 
WR (lane 2) migrates at a size of 190 kilobase pairs as compared to multimers 
of bacteriophage lambda (lane 1). After digestion with NotI vaccinia WR is 
cleaved into two fragments approximately 150 and 40 kilobase pairs in length 
(7th lane from left) whereas the vNot/tk, vEL/tk, and v7.5/tk were cleaved into 
fragments of about 110 and 80 kilobase pairs. When the same samples were 
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digested with Apal, only one fragment the size of the uncut genome was 
observed for both vaccinia WR and vNot/tk while vBL/tk and v7.5/tk gave the 
same sized fragments observed after digestion with NoH Therefore, both 
v7.5/tk and vEL/tk contain a unique site for both Apal and NotI, the sites are 
at the same locus as the NotI site in vNot/tk, and the sites are in a more central 
location in the genome than the HindlH F fragment which contains the NotI 
site in vaccinia WR. The background of cellular DNA fragments was more 
pronounced in the Apal digestion, which has a six base pair recognition site, 
than for the NotI digest. 
[0633] The genomes for vEL/tk and v7.5/tk were analyzed by Southern 

blotting to confirm the location of the Apal and NotI sites in the Hindm J 
fragment as shown in FIG. 2. The filters were hybridized to 32 P labeled 
Hindm J fragment derived from the p7.5/tk or pEL/tk. The genomes for 
v7.5/tk and vEL/tk have an Apal site that does not appear in vNotl/tk 
(compare lanes 7 and 8 to lane 5 in each blot) whereas digestion with NotI and 
Hindm yield a set of fragments of equivalent size. The 0.5 kilobase 
Hindm/Notl or HindHI/Apal fragment from the left hand side of Hindm J 
produced from NotI or Apal digestion has electrophoresed off the bottom of 
the agarose gel. 

[0634] The definitive characterization of the promoter sequence utilized 

products of Polymerase Chain Reaction (PCJR). A pair of primers flanking the 
beginning of the tk gene were used to generate a DNA fragment from the 
viruses vNotl/tk, v7.5/tk> or vEL/tk and their cognate plasmids as shown in 
FIG. 4. The POR products for v7.5/tk and vEUtk are the same size as those 
observed for the plasmids used to generate the viruses (p7.5/tk and pEL/tk) 
and larger than those seen for vaccinia WR and vNotl/tk. The PCR fragments 
were cloned into the plasmid pCRII, the nucleotide sequence was determined 
and shown to match the sequence displayed in FIG. 1 . 

10635] Quantitation of Promoter Activity. The v7.5/tk and vEL/tk vectors 

have been designed to constitutively express elevated levels of insert protein 
in comparison to vNotl/tk. The level of RNA synthesis was measured by 
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infecting confluent BSC-1 cells in the presence and absence of cytosine 
arabinoside (AraC) at an moi of 5, harvesting the cells, isolating the RNA 
using Trizol (Life Technologies) and analyzing the level of thymidine kinase 
RNA synthesis by primer extension (Weir, et al> Nucleic Acids Research 
16: 10267-10282 (1990)). Incubation with AraC blocks viral DNA replication, 
allowing one to identify the class of viral promoter, 
[0636] The early class of viral promoters are active prior to DNA replication 

and will be unaffected by AraC in the infection. Late promoters are only 
expressed after the onset of DNA replication and their activity is abrogated in 
the presence of AraC. Perusal of the products on a denaturing polyacrylamide 
gel demonstrated that significantly more (estimated to be at least ten fold) tk 
RNA primer extension products were synthesized in vEL/tk infections as 
compared to vNot/tk. In cells infected with vNot/tk a single RNA start site 
insensitive to AraC incubation was observed whereas in vEL/tk infections two 
distinct start sites, one resistant to AraC and corresponding to the appropriate 
early start site (Davison, et al, J. Mol Biol 270:749-769 (1989)), and one 
species sensitive to AraC and corresponding to the appropriate late start of 
RNA (Davison, et al J. Mol Biol 2i0:771-784 (1989)) were observed (data 
not shown). The pattern of RNA species derived from infection with v7.5/tk 
was similar to that observed for vEL/tk with the absolute levels of RNA 
expression intermediate to that observed for vEL/tk and vNot/tk. 
[0637] In order to verify the levels of expression for genes inserted into the 

viral vectors the Kcoli gusA gene encoding for p-glucuronidase (P-glu) was 
cloned into vNotl/tk, v7.5/tk and vEL/tk viral vectors and the relative 
promoter strength was measured. The DNA fragment encoding for the P-glu 
gene was inserted into plasmids containing each promoter generating 
pJNot/tk-GUS, p7.5/tk-GUS and pEL/tk-GUS. The correct orientation of the 
insert P-glu gene in pJNot/tk was verified by restriction enzyme analysis. The 
plasmids were recombined with vNotl/tk and the recombinant viruses 
identified by staining with X-glu (Carroll, et al, BioTechniques 79:352-355 
(1995)), passaged for three rounds through Hutk' cells, and expanded to 
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generate the viral stocks vNotl/tk-GUS, v7.5/tk-GUS and vEL/tk-GUS. The 
structures of the recombinant viruses were verified by Southern blot analysis. 
[0638] The level of expression of P-glu by vNotl/tk-GUS, v7.5/tk-GUS and 

vEL/tk-GUS was measured from infected confluent monolayers of BSC-1 
cells in the presence or absence of AraC (FIG. 5). The level of p-glu 
expression for the v7.5/tk-GUS and vEL/tk was much higher than that 
observed for vNotl/tk-GUS and highest (approximately twenty fold higher) in 
the vEL/tk-GUS. Expression of p-gju was observed for all three viruses in the 
presence of cytosine arabinoside, indicating that each promoter is a member of 
the early class of viral promoters. The level of P-glu in vNotl/tk-GUS was 
unchanged in the presence or absence of AraC indicating that this promoter is 
only active early during infection, whereas the P-glu levels in v7.5/tk-GUS 
and vEL/tk-GUS were lower in the presence of AraC, indicating these 
promoters are active both early and late times during infection. 
[06391 Biochemical Characterization of Virus Vectors. The v7.5/tk and 

vEL/tk vectors were initially isolated by growth in the presence of HAT 
supplemented media and are designed to contain an active tk gene to allow 
selection for viruses with inserts via passage in Hutk* cells in the presence of 
bromodeoxyuridine (Earl, et al, In Ausubel, et al (eds.), Current Protocols in 
Molecular Biology, Greene Publishing Associates/Wiley Interscience, New 
York (1991)). Both vectors were tested by plaque assay in Hutk" cells using 
drug selection and the results for vEL/tk are shown in FIG. 6, Incubation 
without drug or with HAT supplement at a concentration sufficient to interfere 
with plaque formation for vpNot or vNot/lacZ/fk, (data not shown), gave an 
equivalent number of like-sized plaques. Surprisingly, an equal number of 
plaques, albeit much smaller in size, were observed for vEL/tk with incubation 
in 25mM bromodeoxyuridine, a concentration sufficient to interfere with the 
ability of vaccinia WR to plaque on Hutk" cells (data not shown). Addition of 
125mM bromodeoxyuridine was sufficient to inhibit plaque formation for 
vEL/tk (FIG. 6) and v7.5/tk (data not shown). The higher concentration of 
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bromodeoxyuridine did not interfere with the growth of tk" viruses such as 
vNoti/lacZ/tk (data not shown) or affect the viability of the Huuc cell line. 

Construction of Recombinant Virus by Direct Ligation. Direct ligation 
veclors will only be useful for the generation of complex expression libraries 
if the production of infectious virus from the naked DNA is facile and 
efficient. Previously, helper virus activity was supplied in cells transfected 
with DNA ligation products by coinfection with conditionally lethal 
temperature sensitive virus (Merchlinsky, et al, Virology 790:522-526 (1992)) 
or fowlpox (Scheiflinger, et al., Proc. Natl Acad. Sci. USA 59:9977-9981 
(1992)). Since high levels of replicating wild type virus interfere with the 
ability to package viral DNA and vaccinia virus can recombine with the input 
DNA, only conditionally defective vaccinia virus can be used as helper 
(Merchlinsky, et al, Virology 190:522-526 (1992)). Fowlpox should be a 
superior helper virus as it is used at 37°C, will not revert to a highly 
replicating strain, and, since it does not recombine with vaccinia DNA or 
productively infect primate cell lines, can be used at higher moi than vaccinia. 
In order to determine if fowlpox can serve as an efficient helper virus a series 
of wells from a 12 well plate obtaining BSC-1 cells were infected with 
varying Mois of fowlpox and transfected with full length vaccinia WR DNA, 
the cells were harvested after 24, 48, or 72 hours and the virus titer was 
determined as shown in Table 6. Transfection of DNA without fowlpox or 
fowlpox infection alone resulted in no plaques. The level of rescued vaccinia 
increased with later harvest and was proportional to the moi of the fowlpox 
infection. 

Table 6 



FPVmoi 


Day harvested 


Titer (pfiixlO^) 


0.2 


1 


0 




2 


0.12 




3 


300 


0.5 


1 


0 
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2 


0.23 




3 


500 


1.0 


1 


0 




2 


1.1 




3 


70 



[0641] Table 6. Packaging of vaccinia DNA by fowlpox virus. Vaccinia 

DNA was transfected into BSC-1 cells infected with fowlpox virus using 
lipofectamine as described in Materials and Methods. The. cells were 
harvested at 1, 2, or 3 days post transfection, lysed by freeZe-thaw cycles and 
assayed for infectious virus by plaque assay on BSC-1 cells. 

[06421 A 1.1 kilobase pair fragment of the ovalbumin cDNA (Pulaski, et aL, 

1996, Proc. Natl. Acad. Sci. USA 93:3669-3674) was used as a model insert to 
study the generation of functional recombinant virus by direct ligation. The 
ovalbumin insert was modified to include a NotI site at its 5' end, translation 
stop codons, a vaccinia transcription stop signal and an Apal site at its 3 1 end. 
This insert was digested with Not! and Apal and ligated with purified vEL/tk 
DNA aims that had been digested with NotI and Apal. The ligation mix was 
transfected into fowlpox infected BSC-1 cells, cells were harvested, and after 
three days the cell extract was passaged on Hutk* cells in the presence or 
absence of 125mM bromodeoxyuridine. The titer obtained without drug 
selection was 2.7 X 10 3 pfu and with drug selection 2.8 X 10 3 pfii. Individual 
plaques were picked from Hutk" cells in the presence and absence of 
bromodeoxyuridine and tested for the presence of the ovalbumin insert by dot 
blot hybridization with an ovalbumin cDNA probe. All 15 plaques picked in 
the presence of bromodeoxyuridine, and all 10 plaques picked in its absence 
contained the ovalbumin insert. These viruses were named vEL/tk-ovaFL. 
Two individual clones were expanded further and tested for the ability to 
sensitize host cells to lysis by ova 257-264 specific cytotoxic T lymphocytes 
(CTL). The results of this experiment are shown in Table 7. As controls, 
• vaccinia recombinant for an ova 257-264 minigene, v7.5/tk-ova and vEL/tk- 
ova, were generated by homologous recombination. These ova peptide 
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recombinant viruses were tested in concert with the vEL/tk-ovaFL clones for 
the ability to sensitize host cells to lysis by ova specific CTL. As shown in 
Table 7, infection with either full length or minigene ovalbumin vaccinia 
recombinants was as efficient as pulsing with 1 nM purified OVA 257-264 
peptide for sensitization of target cells to lysis by OVA-specific CTL. 



Table 7 



MC57G Cells 


EfifectonTarget Ratio 




2:1 1 


10:1 




(Percent Specific Lysis) 


Untreated 


-1.3 


-1.3 


ova257-264 peptide, 1 fM. 


54 


83 


vEL/tk 


-0.5 


0 


v7.5/tk-ova Homologous 
Recombination 


50 


78 


vEL/tk-ova Homologous 
Recombination 


47 


71 


vEL/tk-o vaFL Direct 
Ligation Clone 1 


48 


70 


vEL/tk-ovaFL Direct 
Ligation Clone 2 


46 


74 



[0643] Table 7. Cell mediated lymphocytotoxicity (CML) assay on 

recombinant vaccinia virus infected cells. Virally infected MC57G cells were 
generated as described in (Materials and Methods). One sample of MC57G 
cells was treated with ova25 7-264 peptide (l|iM), another sample of cells, was 
left untreated Cells were incubated with two different ratios of ova specific 
cytotoxic T lymphocytes for 4 hours at 37 °C and percent specific lysis was 
determined as described in Materials and Methods. 

Discussion 

[0644] Large DNA viruses are particularly useful expression vectors for the 

study of cellular processes as they can express many different proteins in their 
native form in a variety of cell lines. In addition, gene products expressed in 
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recombinant vaccinia vims have been shown to be efficiently processed and 
presented in association with MHC class I for stimulation of cytotoxic T cells. 
The gene of interest is nonnally cloned in a plasmid under the control of a 
promoter flanked by sequences homologous to a non-essential region in the 
virus and the cassette is introduced into the genome via homologous 
recombination. A panoply of vectors for expression, selection and detection 
have been devised to accommodate a variety of cloning and expression 
strategies. However, homologous recombination is an ineffective means of 
making a recombinant virus in situations requiring die generation of complex 
libraries or when the insert polynucleotide (e.g. DNA) is large. An alternative 
strategy for the construction of recombinant genomes relying on direct ligation 
of viral DNA "aims" to an insert and the subsequent rescue of infectious virus 
has been explored for the genomes of poxvirus (Merchlinsky, et al, Virology 
790:522-526 (1992); Pfleiderer, et al, 7. General Virology 7(5:2957-2962 
(1995); Scheiflinger, et al, Proc. Natl Acad. Sci. USA 5P:9977-9981 (1992)), 
herpesvirus (Rixon, et al, X General Virology 77:2931-2939 (1990)) and 
baculovirus (Ernst, et al, Nucleic Acids Research 22:2855-2856 (1994)). 
[06451 Poxviruses are ubiquitous vectors for studies in eukaryotic cells as they 

are easily constructed and engineered to express foreign proteins at high 
levels. The wide host range of the virus allows one to faithfully express 
proteins in a variety of cell types. Direct cloning strategies have been devised 
to extend the scope of applications for poxvirus viral chimeras in which the 
recombinant genomes are constructed in vitro by direct ligation of DNA 
fragments to vaccinia "arms" and transfection of the DNA mixture into cells 
infected with a helper virus (Merchlinsky, et al, Virology 7P0:522-526 
(1992); Scheiflinger, etal, Proa Natl Acad Sci. USA SP:9977-9981 (1992)). 
This approach has been used for high level expression of foreign proteins 
(Pfleiderer, et al, 1 Gen. Virology 7^:2957-2962 (1995)) and to efficiently 
clone fragments as large as 26 kilobases in length (Merchlinsky, et al, 
Virology 7P0:522-526 (1992)). 
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[0646] Naked vaccinia virus DNA is not infectious because the virus cannot 
utilize cellular transcriptional machinery and relies on its own proteins for the 
synthesis of viral RNA. Previously, temperature sensitive conditional lethal 
(Merchlinsky, et al, Virology 790:522-526 (1992)) or non-homologous 
poxvirus fowlpox (Scheiflinger, et al, Proa Natl Acad. Sci. USA 5P:9977- 
9981 (1992)) have been utilized as helper virus for packaging. An ideal helper 
virus will efficiently generate infectious virus but not replicate in the host cell 
or recombine with the vaccinia DNA products. Fowlpox virus has the 
properties of an ideal helper virus as it is used at 37 °C, will not revert to a 
highly replicating strain, and, since it does not recombine with vaccinia DNA 
or productively infect primate cell lines, can be used at relatively high moi. 
[0647] The utility of the vaccinia based direct ligation vector vNotl/tk, has 

been described by Merchlinsky, et al, Virology 7P0:522-526 (1992). This 
genome lacks the NotI site normally present in the HindlH F fragment and 
contains a unique NotI site at the beginning of the thymidine kinase gene in 
frame with the coding sequence. This allows the insertion of DNA fragments 
into the NotI site and the identification of recombinant genomes by drug 
selection. The vNotl/tk vector will only express foreign proteins at the level 
of the thymidine kinase gene, a weakly expressed gene only made early during 
viral infection. Thus, the vNotl/tk vector can be used to efficiently clone large 
DNA fragments but does not fix the orientation of the DNA insert or lead to 
high expression of the foreign protein. 
[0648] This example describes the construction and characterization of a pair 

of vaccinia DNA vector genomes v7,5/tk and vEL/tk suitable for direct 
ligation. The v7.5/tk and vEL/tk vectors were designed to contain unique 
restriction sites for NotI and Apal at the beginning of the thymidine kinase 
gene allowing the oriented cloning of DNA and eliminating the intact 
genomes arising from relegation of vaccinia vector arms. 
[0649J To induce high levels of protein expression the sequences encoding for 

the viral 7.5k promoter and a synthetic EL promoter devised by Chakrabarti 
and Moss were used to replace the endogenous thymidine kinase promoter. 
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The levels of expression induced by either promoter was much higher than 
that observed in vNotl/tk and the promoters were active at all times post 
infection. These continuous expression vectors are applicable in cases 
dependent on early expression, such as T-cell epitope presentation, as well as 
for bulk expression of proteins. 
[0650] Use of the thymidine kinase gene as the insertion site for foreign DNA 

allows selection for recombinants and against helper or wild type genomes. 
The level of tk expression in v7.5/tk and vEL/tk should be much higher than in 
vaccinia WR or vNot/tk. However, the Apal site at the beginning of the tk 
gene in v7.5/tk and vEL/tk was formed from vNot/tk by adding extra 
nucleotides at the NotI site. The additional nucleotides increase the amino 
acid sequence at the N terminus of the wild type tk gene from Met-Asn-Gly to 
Met-Gly-Pio-Ala-Ala-Asn-Gly (SEQ ID NO:35) in v7.5/tk and vEL/tk. 
Modifications in the expression level and N terminal amino acid sequence of 
. the thymidine kinase gene may increase (more protein) or decrease (different . 
sequence) the sensitivity of the virus to bromodeoxyuridine. Plaques, albeit 
smaller, were observed with v7.5/tk and vEL/tk infection at a concentration of 
bromodeoxyuridine sufficient to completely suppress plaque formation for 
wild type vaccinia WR. Plaque formation was suppressed at five-fold higher 
concentrations of bromodeoxyuridine, a level of drug that does not interfere 
with the viability of the cells or impede the ability of tk" virus to form plaques. 
The explanation for the altered sensitivity to bromodeoxyuridine awaits 
further characterization of the protein as the altered thymidine kinase gene 
may have a different reaction rate for formation of the triphosphate form of the 
bromodeoxyuridine or a reduced ability to bind bromodeoxyuridine. 
[0651] The development of direct ligation vectors has increased the possible 

applications for poxvirus expression vectors. The v7.5/tk and vEL/tk vectors 
were designed to incorporate the advantages of oriented cloning, high levels of 
expression of foreign protein, and the selection for recombinant viruses, into 
direct ligation vectors. They were shown to express high levels of proteins at 
all times during infection. The utility of these vectors was demonstrated by 
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constructing recombinants containing a CTL epitope for ovalbumin 
(constructed by homologous recombination with a plasmid) or the ovalbumin 
coding sequence (constructed by direct ligation protocol) and showing how 
both recombinants were able to elicit a strong CTL response. 
[0652] The application of these vectors to protocols for construction of 

complex expression libraries requires efficient production of recombinants and 
strong selection to eliminate or minimize wild type and contaminants. The use 
of two restriction sites allows one to design cloning strategies for the oriented 
cloning of DNA fragments such as products of PCR (Pfleiderer, et al 9 1995, J. 
General Virology 76:2957-2962) and increases the frequency of the desired 
recombinant as wild type genomes can no longer be generated by ligation of 
vaccinia arms. When v7.5/tk or vEL/tk DNA previously digested with NotI 
and Apal was transfected into cells infected with fowlpox the virus titer was 
erne hundred fold lower than for intact uncut DNA. Also, all plaques isolated 
in the presence and absence of bromodeoxyuridine (15 with 
bromodeoxyuridine and 10 without) during the isolation of the vEL/tk-ovaFL 
contained the ovalbumin insert. The efficiency of infectious virus formation is 
also increased with the use of fowlpox, helper virus at relatively high moi. 
Also, transfection of large DNA fragments varies with the type and 
preparation of lipid (Miles Carroll, personal communication) and we are 
presently assaying different lipid mixtures and cell types as well as 
investigating other parameters to find optimum conditions for the direct 
ligation protocol. The v7.5/tk and vEL/tk vectors provide a set of universally 
applicable direct ligation cloning vectors for poxviruses. 

EXAMPLE 2 
Trimolecular Recombination 



Production of an Expression Library. This example describes a 
tri-molecular recombination method employing modified vaccinia virus 
vectors and related transfer plasmids that generates close to 100% recombinant 
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vaccinia virus and, for the first time, allows efficient construction of a 
representative DNA library in vaccinia virus. 

[0654] Construction of the Vectors. The previously described vaccinia virus 
transfer plasmid pJ/K, a pUC 13 derived plasmid with a vaccinia virus 
thymidine kinase gene containing an in-frame Not I site (Merchlinsky, M. et 
al, Virology 190:522-526 (1992)), was further modified to incorporate a 
strong vaccinia virus promoter followed by Not I and Apa I restriction sites. 
Two different vectors, p7.5/tk and pEUtk, included, respectively, either the 
7.5K vaccinia virus promoter or a strong synthetic early/late (E/L) promoter 
(FIG. 1). The Apa I site was preceded by a strong translationa! initiation 
sequence including the ATG codon. This modification was introduced within 
the vaccinia virus thymidine kinase (tk) gene so that it was flanked by 
regulatory and coding sequences of the viral tk gene. The modifications 
within the tk gene of these two new plasmid vectors were transferred by 
homologous recombination in the flanking tk sequences into the genome of the 
Vaccinia Virus WR strain derived vNotl " vector to generate new viral vectors 
v7.5/tk and vEL/tk. Importantly, following Not I and Apa I restriction 
endonuclease digestion of these viral vectors, two large viral DNA fragments 
were isolated each including a separate non-homologous segment of the 
vaccinia tk gene and together comprising all the genes required for assembly 
of infectious viral particles. Further details regarding the construction and 
characterization of these vectors and their alternative use for direct ligation of 
DNA fragments in vaccinia virus are described in Example 1. 

[0655] Generation of an Increased Frequency of Vaccinia Virus 

Recombinants. Standard methods for generation of recombinants in vaccinia 
virus exploit homologous recombination between a recombinant vaccinia 
transfer plasmid and the viral genome. Table 8 shows the results of a model 
experiment in which the frequency of homologous recombination following 
transfection of a recombinant transfer plasmid into vaccinia virus infected 
cells was assayed under standard conditions. To facilitate functional assays, a 
minigene encoding the immunodominant 257-264 peptide epitope of 
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ovalbumin in association with H-2K b was inserted at the Not 1 site in the 
transfer plasmid tk gene. As a result of homologous recombination, the 
disrupted tk gene is substituted for the wild type viral tk+ gene in any 
recombinant virus. This serves as a marker for recombination since tk- human 
143B cells infected with tk- virus are, in contrast to cells infected with wild 
type tk+ virus, resistant to the toxic effect of BrdU. Recombinant virus can be 
. scored by the viral pfu on 143B cells cultured in the presence of 125 mM 
BrdU. 

[0656] The frequency of recombinants derived in this fashion is of the order of 

0.1% (Table 8). 



Table 8: Generation of Recombinant Vaccinia Virus 
by Standard Homologous Recombination 



Virus* 


DNA 


Titer w/o 
BrdU 


Titer w/ 
BrdU 


% Recombinant** 


vaccinia 




4.6 X10 7 


3.0 X10 3 


0.006 


VACCINIA 


30ngpE/Lova 


3.7X10 7 


3.2x10* 


0.086 


VACCINIA 


300 NG pE/Lova 


2.7X10' 


1.5 xlO 4 


0.056 



♦vaccinia virus strain vNotl 

**% Recombinant « (Titer with BrdU/Titer without BrdU) x 100 

This recombination frequency is too low to permit efficient construction of a 
cDNA library in a vaccinia vector. The following two procedures were used to 
generate an increased frequency of vaccinia virus recombinants. 
[0657] (1) One factor limiting the frequency of viral recombinants 

generated by homologous recombination following transfection of a plasmid 
transfer vector into vaccinia virus infected cells is that viral infection is highly 
efficient whereas plasmid DNA transfection is relatively inefficient. As a 
result many infected cells do not take up recombinant plasmids and are, 
therefore, capable of producing only wild type virus. In order to reduce this 
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dilution of recombinant efficiency, a mixture of naked viral DNA and 
recombinant plasmid DNA was transfected into Fowl Pox Virus (FFV) 
infected mammalian cells. As previously described by others (Scheiflinger, 
R, et al t Proa Natl Acad. Sci. USA 59:9977-9981 (1992)), FPV does not 
replicate in mammalian cells but provides necessary helper functions required 
for packaging mature vaccinia virus particles in cells transfected with 
non-infectious naked vaccinia DNA This modification of the homologous 
recombination technique alone increased the frequency of viral recombinants 
approximately 35 fold to 3.5% (Table 9). 



Table 9: 

Generation of Recombinant Vaccinia Virus by Modified Homologous 

Recombination 



Virus 


DNA 


Titer w/o 
BrdU 


Titer w/ 
BrdU 


% 

Recombinant* 


EPV 


None 


0 


0 


0 


None 


vaccinia WR 


0 


0 


0 


EPV 


VACCINIA WR 


8.9x10" 


2.0 xlO* 


0.002 


EPV 


VACCINIA WR 
+ pE/Lova(1:1) 


5.3 xlO 6 


1.2 x10 s 


2.264 


EPV 


VACCINIA WR 

+ pE/Lova(1:10) 


8.4 x10 s 


3.0xl0 4 


3.571 



*% Recombinant = (Titer with BrdU/Titer without BrdU) x 100 



[0658] Table 9. Confluent monolayers of BSC1 cells (5X10 5 cells/well) were 

infected with moi=1.0 of fowlpox virus strain HP1. Two hours later 
supernatant was removed, cells were washed 2X with Opti-Mem I media, and 
transfected using lipofectamine with 600ng vaccinia strain WR genomic DNA 
either alone, or with 1:1 or 1:10 (vaccinia:plasmid) molar ratios of plasmid 
pE/Lova. This plasmid contains a fragment of the ovalbumin cDNA, which 
encodes tfee SIINFEKL epitope (SEQ ID NO:26), known to bind with high 
affinity to the mouse class I MHC molecule K b . Expression of this minigene 
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is controlled by a strong, synthetic Early/Late vaccinia promoter. This insert 
is flanked by vaccinia tk DNA. Three days later cells were harvested, and 
virus extracted by three cycles of freeze/thaw in dry ice isopropanol/ 37°C 
water bath. Crude virus stocks were titered by plaque assay on human TK- 
143B cells with and without BrdU (Brown, M.L. et al Annu. Rev. Public 
Health 22:91-113 (2001)). (Brown, M.L., et al, Annu. Rev. Public Health 
22:91113(2001).) 

[0659J A further significant increase in the frequency of viral recombinants 

was obtained by transfection of FPV infected cells with a mixture of 
recombinant plasmids and the two large (approximately 80 kilobases and 100 
kilobases) fragments of vaccinia virus v7.5/tk DNA produced by digestion 
with Not I and Apa I restriction endonucleases. Because the Not I and Apa I 
sites have been introduced into the tk gene, each of these large vaccinia DNA 
arms includes a fragment of the tk gene. Since there is no homology between 
the two tk gene fragments, the only way the two vaccinia arms can be linked is 
by bridging through the homologous tk sequences that flank the inserts in the 
recombinant transfer plasmid. The results in Table 10 show that >99% of 
infectious vaccinia virus produced in triply transfected cells is recombinant for 
a DNA insert as determined by BrdU resistance of infected tk- cells. 



Table 10: 

Generation Of 100% Recombinant Vaccinia Virus Using Tri-Molecular 

Recombination 



Virus 


DNA 


Titer w/6 BrdU 


Titer w/ 
BrdU 


% Re- 
combinant* 


FPV 


Uncut v7.5/tk 


2.5 x 10 6 


6.0 xlO 3 


0.24 


FPV 


NOTl/APALV7.5/TK 
ARMS 


2.0 x 10* 


0 


0 


FPV 


NotI/Apal V7.5/TK 
ARMS + PE/LOVA (1:1) 


6.8 X10 4 


7.4 XlO 4 


100 



*% Recombinant = (Titer with BrdU/Titer without BrdU) x 100 
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[0660] Table 10. Genomic DNA from vaccinia strain V7.5/tk (1.2 

micrograms) was digested with Apal and NotI restriction endonucleases. The 
digested DNA was divided in half. One of the pools was mixed with a 1:1 
(vaccinia:plasmid) molar ratio of pE/Lova. This plasmid contains a fragment 
of the ovalbumin cDNA, which encodes the SHNFEKL epitope, known to 
bind with high affinity to the mouse class I MHC molecule K b . Expression of 
this minigene is controlled by a strong, synthetic Early/Late vaccinia 
promoter. This insert is flanked by vaccinia tk DNA. DNA was transfected 
using lipofectamine into confluent monolayers (5 X 10 5 cells/well) of BSC1 
cells, which had been infected 2 hours previously with moi=1.0 FPV. One 
sample was transfected with 600ng untreated genomic V7.5/tk DNA. Three 
days later cells were harvested, and the virus was extracted by three cycles of 
freeze/thaw in dry ice isopropanol/ 37° C water bath. Crude viral stocks were 
plaqued on TK- 143 B cells with and without BrdU selection. 

[0661] Construction of a Representative cDNA Library in Vaccinia Virus. A 

cDNA library is constructed in the vaccinia vector to demonstrate 
representative expression of known cellular mRNA sequences. 

[0662] Additional modifications have been introduced into the p7.5/tk transfer 

plasmid and v7.5/tk viral vector to enhance the efficiency of recombinant 
expression in infected cells. These include introduction of translation 
initiation sites in three different reading frames and of both translational and 
transcriptional stop signals as well as additional restriction sites for DNA 
insertion. 

[0663] First, the HindlH J fragment (vaccinia tk gene) of p7.5/tk was 

subcloned from this plasmid into the HindTTT site of pBS phagemid 
(Stratagene) creating pBS.Vtk. 

[0664] Second, a portion of the original multiple cloning site of pBS.Vtk was 

removed by digesting the plasmid with Smal and PstI, treating with Mung 
Bean Nuclease, and ligating back to itself, generating pBS.Vtk.MCS-. This 
treatment removed the unique Smal, BamHI, Sail, and PstI sites from 
pBS.Vtk. 
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[0665] Third, the object at this point was to introduce a new multiple cloning 

site downstream of the 7.5k promoter in pBS.Vtk.MCS-. The new multiple 
cloning site was generated by PGR using 4 different upstream primers, and a 
common downstream primer. Together, these 4 PCR products would contain 
either no ATG start codon, or an ATG start codon in each of the three possible 
reading frames. In addition, each PCR product contains at its 3 prime end, 
translation stop codons in all three reading frames, and a vaccinia virus 
transcription double stop signal. These 4 PCR products were ligated 
separately into the NotI/ Apal sites of pBS.Vtk.MCS-, generating the 4 
vectors, P 7.5/ATG0/tk, p7.5/ATGl/tk, P 7.5/ATG3/tk> and p7.5/ATG4/tk 
whose sequence modifications relative to the p7.5/tk vector are shown in 
FIG. 8. Each vector includes unique Bamffl, Smal, PstI, and Sail sites for 
cloning DNA inserts that employ either their own endogenous translation 
initiation site (in vector p7.5/ATGO/tk) or make use of a vector translation 
initiation site in any one of the three possible reading frames (p7.5/ATGl/tk, 
p7.5/ATG3/tk, andp7.5/ATG4/tk). 
[0666] In a model experiment cDNA was synthesized from poly-A+ mRNA 

of a murine tumor cell line (BCA39) and ligated into each of the four modified 
p7.5/tk transfer plasmids. The transfer plasmid is amplified by passage 
through procaryotic host cells such as E. coli as described herein or as 
otherwise known in the art. Twenty micrograms of Not I and Apa I digested 
v/tk vaccinia virus DNA arms and an equimolar mixture of the four 
recombinant plasmid cDNA libraries was transfected into FPV helper virus 
infected BSC-1 cells for tri-molecular recombination. The virus harvested had 
a total titer of 6 x 10 6 pfu of which greater than 90% were BrdU resistant. 
[06671 In order to characterize the size distribution of cDNA inserts in the 

recombinant vaccinia library, individual isolated plaques were picked using a 
sterile pasteur pipette and transferred to 1.5ml tubes containing 100 \i\ 
Phosphate Buffered Saline (PBS). Virus was released from the cells by three 
cycles of freeze/thaw in dry ice/isopropanol and in a 37°C water bath. 
Approximately one third of each virus plaque was used to infect one well of a 
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12 well plate containing tk- human 143B cells in 250 ul final volume . At the 
end of the two hour infection period each well was overlayed with 1 ml 
DMEM with 2.5% fetal bovine serum (DMEM-2.5) and with BrdU sufficient 
to bring the final concentration to 125 ug/ml. Cells were incubated in a C0 2 
incubator at 37°C for three days. On the third day the cells were harvested, 
pelleted by centrifugation, and resuspended in 500. ul PBS. Virus was 
released from the cells by three cycles of fieeze/ thaw as described above. 
Twenty percent of each virus stock was used to infect a confluent monolayer 
of BSC-1 cells in a 50mm tissue culture dish in a final volume of 3 ml 
DMEM-2.5. At the end of the two hour infection period the cells were 
overlayed with 3 ml of DMEM-2.5. Cells were incubated in a CO2 incubator 
at 37°C for three days. On the third day the cells were harvested, pelleted by 
centrifugation, and resuspended in 300. ul PBS. Virus was released from the 
cells by three cycles of freeze/ thaw as described above. One hundred 
microliters of crude virus stock was transferred to a 1.5 ml tube, an equal 
volume of melted 2% low melting point agarose was added, and the 
virus/agarose mixture was transferred into a pulsed field gel sample block. 
When the agar worms were solidified they were removed from the sample 
block and cut into three equal sections. All three sections were transferred to 
the same 1.5 ml tube, and 250ul of 0.5M EDTA, 1% Sarkosyl, 0.5mg/ml 
Proteinase K was added. The worms were incubated in this solution at 37°C 
for 24. hours. The worms, were washed several times in 500ul 0.5X TBE 
buffer, and one section of each worm was transferred to a well of a 1% low 
melting point agarose gel. After the worms were added the wells were sealed 
by adding additional melted 1% low melting point agarose. This gel was then 
electorphoresed in a Bio-Rad pulsed field gel electrophoresis apparatus at 
200volts, 8 second pulse times, in 0.5X TBE for 16 hours. The gel was 
stained in ethidium bromide, and portions of agarose containing vaccinia 
genomic DNA were excised from the gel and transferred to a 1.5 ml tube. 
Vaccinia DNA was purified from the agarose using P-Agarase (Gibco) 
following the recomendations of the manufacturer. Purified vaccinia DNA 
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was resuspended in 50 jil ddH20. One microliter of each DNA stock was used 
as the template for a Polymerase Chain Reaction (PCR) using vaccinia TK 
specific primers MM428 and MM430 (which flank the site of insertion) and 
Klentaq Polymerase (Clontech) following the recommendations of the 
manufacturer in a 20jil final volume. Reaction conditions included an initial 
denaturation step at 95°C for 5 minutes, followed by 30 cycles of: 94°C 30 
seconds, 55°C 30 seconds, 68°C 3 minutes. Two and a half microliters of 
each PCR reaction was resolved on a 1% agarose gel, and stained with 
ethidium bromide. Amplified fragments of diverse sizes were observed. 
When corrected for flanking vector sequences amplified in PCR the inserts 
range in size between 300 and 2500 bp. 
[0668] Representative expression of gene products in this library was 

established by demonstrating that the frequency of specific cDNA 
recombinants in the vaccinia library was indistinguishable from the frequency 
with which recombinants of the same cDNA occur in a standard plasmid 
library. This is illustrated in Table 1 1 for an IAP sequence that was previously 
shown to be upregulated in murine tumors. 
[0669] Twenty separate pools with an average of either 800 or 200 viral pfu 

from the vaccinia library were amplified by infecting microcultures of 143B 
tk- cells in the presence of BrdU. DNA was extracted from each infected 
culture after three days and assayed by PCR with sequence specific primers 
for the presence of a previously characterized endogenous retrovirus (IAP, 
intracisternal A particle) sequence. Poisson analysis of the frequency of 
positive pools indicates a frequency of one IAP recombinant for 
approximately every 500 viral pfu (Table 11). Similarly, twenty separate 
pools with an average of either 1,400 or 275 bacterial cfu from the plasmid 
library were amplified by transformation of DH5cc bacteria. Plasmid DNA 
from each pool was assayed for the presence of the same IAP sequence. 
Poisson analysis of the frequency of positive pools indicates a frequency of 
one IAP recombinant for every 450 plasmids (Table 11). 
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TABLE11 

Liiniting dilution analysis of IAP sequences in a recombinant Vaccinia library 
and a conventional plasmid cDNA library 





# wells positive by 
PCR 


F 0 




Frequency 


#PFU/well 


Vaccinia Library 


800 


18/20 


0.05 


2.3 


1/350 


200 


6/20 


0.7 


0.36 


1/560 


#CFU/well 


Plasmid Library 


1400 


20/20 


0 






275 


9/20 


0.55 


0.6 


1/450 



Fo = fraction negative wells; \jl ~ DNA precursors / well = -lnFo 



[0670J Similar analysis was carried out with similar results for representation 

of an alpha tubulin sequence in the vaccinia library. The comparable 
frequency of arbitrarily chosen sequences in the two libraries constructed from 
the same tumor cDNA suggests that although construction of the Vaccinia 
library is somewhat more complex and is certainly less conventional than 
construction of a plasmid library, it is equally representative of tumor cDNA 
sequences. 

Discussion 

[0671] The above-described tri-molecular recombination strategy yields close 

to 100% viral recombinants. This is a highly significant improvement over 
current methods for generating viral recombinants by transfection of a plasmid 
transfer vector into vaccinia virus infected cells. This latter procedure yields 
viral recombinants at a frequency of the order of only 0.1%. The high yield of 
viral recombinants in tri-molecular recombination makes it possible, for the 
first time, to efficiently construct genomic or cDNA libraries in a vaccinia 
virus derived vector. In the first series of experiments a titer of 6 x 10 6 
recombinant virus was obtained following transfection with a mix of 20 
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micrograms of Not I and Apa I digested vaccinia vector arms together with an 
equimolar concentration of tumor cell cDNA. This technological advance 
creates the possibility of new and efficient screening and selection strategies 
for isolation of specific genomic and cDNA clones. 
[0672] The tri-molecular recombination method as herein disclosed may be 

used with other viruses such as mammalian viruses including vaccinia and 
herpes viruses. Typically, two viral arms which have no homology are 
produced. The only way that the viral arms can be linked is by bridging 
through homologous sequences that flank the insert in a transfer vector such as 
a plasmid. When the two viral arms and the transfer vector are present in the 
same cell the only infectious virus produced is recombinant for a DNA insert 
in the transfer vector. 

[0673] Libraries constructed in vaccinia and other mammalian viruses by the 

tri-molecular recombination method of the present invention may have similar 
advantages to those described here for vaccinia virus and its use in identifying 
target antigens in the CTL screening system of the invention. Similar 
advantages are expected for DNA libraries constructed in vaccinia or other 
mammalian viruses when carrying out more complex assays in eukaryotic 
cells. Such assays include but are not limited to screening for DNA encoding 
receptors arid ligands of eukaryotic cells. 

EXAMPLE 3 

Direct Selection Using Target Epitope-Specific Cytotoxic T Cells 

[0674] In this example, a model system was assayed to determine the level of 

enrichment that can be obtained through a procedure that selects for DNA 
recombinants that encode the target epitopes of tumor specific cytotoxic T 
cells. 
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Methods and Results 

[0675] A specific vaccinia recombinant that encodes a well characterized 

ovalbumin peptide (SENHBKL) (SEQ ID NO:26) was diluted with 
non-recombinant virus so that it constituted either 0.2%, 0.01%, or 0.001% of 
viral pfii. This ovalbumin peptide is known to be processed and presented to 
specific CTL in association with the murine class I MHC molecule H-2K b . An 
adherent monolayer of MC57G cells that express H-2K b were infected with 
this viral mix at rn.oi.-l (approximately 5 x 10 5 cell/well). MC57G cells do 
not themselves express ovalbumin peptide, but do express H-2K b , which 
allows them to associate with and present ovalbumin peptide to the T cells. 

[0676] Following 12 hours of infection with the recombinant vaccinia virus 

expressing ovalbumin peptide, ovalbumin peptide-specific CTL, derived by 
repeated in vitro stimulation of ovalbumin primed splenic T cells with the 
immunodominant ovalbumin SDNFEKL peptide, were added for 30 min. 

[0677] During this time, some of the adherent cells infected with a 

recombinant particle that leads to expression of the ovalbumin peptide 
interacted with a specific cytotoxic T cell and underwent a lytic event. Cells 
that underwent a lytic event were released from the monolayer. After 30 min, 
the monolayer was gently washed, and the floating cells and the remaining 
adherent cells were separately harvested. 

[0678] Virus extracted from each cell population was titred for the frequency 

of ovalbumin recombinant viral pfii. Virus extracted from floating cells was 
then used as input to another enrichment cycle with fresh adherent MC57G 
cells and ovalbumin peptide-specific CTL. It was observed that, following 
enrichment ofWova to greater than 10% of total virus, further enrichment of 
the recombinant virus was accelerated if the m.o.i. in succeeding cycles was 
reduced from 1 to 0.1. The results, presented in Table 12, demonstrate marked 
enrichment of Wova recombinant virus from an initial concentration of 0.2% 
to 49% or from 0.01% to 39% in 5 enrichment cycles and from 0.001% to 
18% in 6 enrichment cycles. Note that with 5 x 10 5 adherent MC57G cells per 
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well and m.o.i = 1, an initial concentration of 0.001% Wova recombinant 
virus is equivalent, on average, to seeding only 5 recombinant pfu among 5 x 
10 5 wild type vaccinia virus in a single culture well. A very substantial 
enrichment is achieved even under these conditions. 

Table 12. 



Multiple Cycles of Enrichment for Vvova 



Enrichment Cycle # 


% Vvova in floating cells* 






Exp. 1 


Exp. 3 


Exp. 3 


Moi = l 


0 


0.2 


0.01 


0.001 




1 


2.1 


0.3 


nd 




2 • 


4.7 


1.1 


nd 




3 


9.1 


4.9 


nd 




4 


14.3 


17.9 


1.4 




5 


24.6 




3.3 




6 






18.6 


moi = 0.1 


5 


48.8 


39.3 





* Vvova = (Titer with BrdU / Titer without BrdU) x 1 00 
nd = not determined 



Discussion 

[0679] The above-described selection method for isolating DNA clones that 

encode target epitopes of specific cytotoxic T cells from a viral library is far 
more efficient than existing methods for accomplishing this same goal. Prior 
to the present invention, the most widely employed method requires 
transfection of numerous small pools of recombinant plasmids into separate 
target populations in order to assay T cell stimulation by a minor component 
of some pool Because this requires screening out many negative plasmid 
pools, it is a far more labor intensive procedure than the positive selection 
method described herein. For a given investment of resources, the method 
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described here can detect positive DNA clones that occur at a much lower 
frequency than would otherwise be possible. The. design principle of this 
strategy can be directly extended to screening and selection of DNA clones 
with specific antibodies as well as with CTL. 

EXAMPLE 4 

A Deregulated Ribosomal Protein 13 Gene Encodes a Shared Murine Tumor 

Rejection Antigen 

[0680] We have developed novel antigen discovery technology that allows for 

the selection of genes encoding CTL epitopes from a cDNA library 
constructed in a poxvirus. Using this technology we have determined that a 
shared murine tumor antigen is encoded by an alternate allele of the ribosomal 
protein L3 gene. The immunogenic L3 gene is expressed at significant albeit 
reduced levels in normal tissues including thymus. Immunization with a 
vaccinia recombinant of the immunogenic L3 cDNA induces protective 
immunity against tumor challenge. It is of particular interest that a 
deregulated allele of a housekeeping gene can serve as an immunoprotective 
antigen and that thymic expression does not preclude immunogenicity of an 
upregulated tumor product. These observations emphasize that tolerance to a 
self-protein is not absolute but must be defined in relation to quantitative 
levels of expression. The ribosomal protein described may be representative 
of a class of shared tumor antigens that arise as a result of deregulated 
expression of a self-protein without compromising immune tolerance to 
normal tissues. Such antigens would be suitable for immunotherapy of cancer 
in vital organs. 

Methods 

[0681] Total RNA was isolated from BCA 39 tumor cells using the Perfect 

RNA Total RNA Isolation Kit™ (5 Prime 3 Prime, Inc., Boulder, CO).. Poly 
A+ mRNA was isolated from the total RNA using Dynabeads™ (Dynal, Lake 
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Success, NY). Two micrograms of poly A+ mRNA was converted to double 
stranded cDNA using the. Great Lengths cDNA Synthesis Kit™ (Clontech, 
Palo Alto, CA). The double stranded cDNA was then inserted in vaccinia 
virus vector v7.5/tk (Rosenwald, I. B., Cancer Lett. 102:113-123 (1996)). 

[0682] Balb/cByJ (Jackson Labs) mice were immunized intraperitoneally with 

2 X 10 6 irradiated (6,500 cGy) BCA 34 cells. Two weeks later the mice were 
boosted by subcutaneous injection of 2 X 10 6 irradiated BCA 34 cells. One 
week following the second immunization splenocytes were harvested, divided 
into 12 parts and cultured in 12 well plates with 6 X 10 5 irradiated (10,000 
cGy), mitomycin C treated BCA 34 cells per well. At weekly intervals viable 
T cells were purified using Lympholyte-M (Accurate Chemical, Westbury, 
NY) and cultured in 12 well plates at 1.5 X 10 6 T cells per well. To each well 
was also added 4 X 10 6 irradiated (5000 cGy) Balb/c spleen, along with 6 X 
10 5 irradiated, mitomycin C treated BCA 34 cells. 

[0683] A specific vaccinia recombinant that encodes the weH characterized 

ovalbumin 257-264 ' peptide (SIINFEKL) that is immunodominant in 
association with H-2K b was diluted with non-recombinant virus so that it 
initially constituted either 0.2%, 0.01%, or 0.001% of total viral pfu. An 
adherent monolayer of MC57G cells (H -2 h ) were infected with this viral mix 
at m.o.i.=l (approximately 5 x 10 5 cells/well). Following 12 hours infection, 
ovalbumin peptide-specific CTL, derived by repeated in vitro stimulation of 
ovalbumin primed splenic T cells with the immunodominant SIINFEKL 
peptide, were added. During this incubation those adherent cells which were 
infected with a recombinant particle that expresses the ovalbumin peptide are 
targeted by specific cytotoxic T cell and undergo a lytic event which causes 
them to be released from the monolayer. Following incubation with CTL, the 
monolayer is gently washed, and both floating cells and the remaining 
adherent cells are separately harvested. Virus extracted from each cell 
population was titred for the frequency of recombinant (BRdU resistant) viral 
pfu. Virus extracted from floating cells was then used as input to another 
enrichment cycle with fresh adherent MC57G cells and ovalbumin peptide- 
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specific CTL. It was observed that following enrichment of Wova to greater 
than 10% of total virus, further enrichment of the recombinant virus was 
accelerated if the m.oi. in succeeding cycles was reduced from 1 to 0.1. 

[0684] Confluent monolayers of BCN in wells of a 12 well plate were infected 

with moi=1.0 vaccinia BCA39 cDNA library. At 12 hours post-infection the 
monolayers were washed 3X with media, and 2.5 X 10 6 CTL were added the 
wells in a 250 |xl volume. The T cells and targets were incubated at 37°C for 4 
hours. Following the incubation the supernatant was harvested, and the 
monolayer gently washed 3X with 250nl media. Virus was released from the 
cells by freeze/thaw, and titers determined by plaque assay on BSC1 cells. 
The selected virus population (floating cells in cultures that received specific 
T cells) was amplified on BSC1 cells in one well of a 12 well plate for 2 days. 
The virus was then harvested and titered. This viral stock was subjected to 
three additional enrichment cycles. The selected virus population was not 
amplified prior to the next cycle. 

[0685] Virus from the fourth enrichment cycle was divided into 40 pools of 5 

pfii each. Each pool was amplified on BSC1 cells in a 96 well plate, with 1 
pool / well. After 4 days the virus was harvested (PI), and used to infect 
monolayers of BCN in a 96 well plate at moi=5, with 1 pool per well. As a 
control, a monolayer of BCN was infected with moi=5 vNotl/tk (Merschlinsky 
et al 9 Virology 190:522 (1992)). At 5 hours post-infection, 2X10 4 washed 
CTL were added to each well. The final volume in each well was 225 jxl. The 
cells were incubated at 37°C for 18 hours. The cells were then pelleted by 
centrifugation, 150jil supernatant was harvested and tested for. IFNy by 
ELISA. Twenty seven of the forty pools of 5 pfu were positive for the ability 
to stimulate CTL. Suggesting, by Poisson analysis, that specific recombinants 
were enriched to greater than 20%. Individual clones were picked from 5 
positive pools and assayed as above. 

[0686] Monolayers of B/C.N in a 6 well plate were infected with moi=1.0 of 

v7.5/tk, vF5.8, or vH2.16. At 14 hours post-infection cells were harvested 
along with the control targets: B/C.N, BCA 34, and BCA 39. The target cells 
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were labeled with 100 microcuries 5l Chromium (Dupont, Boston, MA) for 1 
hour at 37°C, and 10 4 cells were added to wells of a 96 well round bottom 
plate in quadruplicate. Tumor specific CTL were added to target cells at the 
indicated ratios. Cells were incubated at 37 °C for 4 hours. Supernatants were 
harvested and 51 Cr release determined. Spontaneous release was derived by 
incubating target cells with media alone. Maximal release was determined by 
incubating target cells with 5% Triton X 100. Percentage of specific lysis was 
calculated using the formula: % specific lysis= ((experimental release- 
spontaneous release) / (maximal release-spontaneous release)) X 100. In each 
case the mean of quadruplicate wells was used in the above formula. 

[0687] Two micrograms of total RNA was converted to cDNA using a dT 

primer and Superscript D™ Reverse Transcriptase (BRL, Gaithersburg, MD). 
cDNA was used as the template for a PCR using L3 specific primers; L3.F1.S 
(CGGCGAGATGTCTCACAGGA) (SEQ ID NO:36) and L3.F1.AS 
(ACCCCACCATCTGCACAAAG) (SEQ ID NO:37); and Klentaq DNA 
Polymerase Mix (Clontech) in a 20 microliter final volume. Reaction 
conditions included an initial denaturation step of 94oC for 3 minutes, 
followed by 30 cycles of: 94°C 30 seconds, 60°C for 30 seconds, 68°C for 2 
minutes. These PCR products contained the region of L3 between position 3 
and 1252. The PCR products were purified using Centricori 100™ columns 
(Amicon, Beverly, MA), digested with Sau3AI, and resolved on a 3% 
Agarose/ethidium bromide gel. 

[0688] Adult female Balb/cByJ mice (2 mice per group) were immunized by 

subcutaneous injection of 5X10 6 pfu of vH2.16, or v7.5/tk. Seven days 
following the immunization splenocytes were harvested and cultured in 12 
well plates along with 1 micromolar peptide L348-56(J54). After seven days the 
viable T cells were purified using Lympholyte-M, and 1X10 6 T cells were 
added to wells of a 12 well plate along with 1 micromolar peptide and 4 X 10 6 
irradiated (5000 cGy) Balb/c spleen cells per well. 

[0689] Adult female Balb/cByJ mice were immunized by subcutaneous 

injection of 10X10 6 pfu of vH2.16, vPKIa, v7.5/tk or Phosphate Buffered 
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Saline. Secondary immunizations were given 21 days later. Mice were 
challenged with tumor by subcutaneous injection of 2X10 5 BCA 34 cells 
twenty one (primary immunization only) or fourteen days following 
immunization. 

, Results and Discussion 

[06901 Prospects for development of broadly effective tumor vaccines have 

been advanced by evidence that several self-proteins can be recognized as 
tumor antigens by immune T cells (Van den Eynde et al, J. Exp. Med. 
775:1373 (1991); M. B. Bloom et al, J. Exp. Med. 755:453 (1997); Van Der 
Bruggen et al, Science 254: 1643 (1991); Gaugler et al, J. Exp. Med, 1 79:921 
(1994); Boel et al 9 Immunity 2:167 (1995); Van Den Eynde et al, J. Exp. 
Med. 752:689 (1995); Kawakami et al, Proc. Natl Acad. Sci USA. P7:3515 
(1994); Kawakami et al, Proc. Natl Acad. Sci U.SA. P7:6458 (1994); 
Brichard et al, J. Exp. Med. 775:489 (1993)). Such normal, nonmutated gene 
products may serve as common target antigens in tumors of certain types 
arising in different individuals. Clinical evidence for induction of protective 
immunity following vaccination with such shared tumor antigens is, currently, 
very limited (Marchand et al, Int. J. Cancer 80:219 (1999); Rosenberg et al, 
Nat Med. 4:321 (1998); Overwijk et al, Proc. Natl Acad. Sci. 96:2982 
(1999); Brandle et al, Eur. J. Immunol 25:4010 (1998)). It is, moreover, not 
at all clear whether the T cell responses to these self-proteins represent a 
surprising breakdown in immunological tolerance or are a consequence of 
qualitative or quantitative changes in the expression of the self-proteins in 
tumor cells. In the latter case, normal tissue tolerance could be maintained 
and vaccine induced immunity to self-proteins whose expression is 
systematically altered in tumors might be applicable even to cancer of vital 
organs. We report here that a ribosomal protein allele that is systematically 
deregulated in multiple murine tumors during the transformation process is a 
tumor rejection antigen and that the principal correlate of immunogenicity is a 
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dramatic change in quantitative expression in tumors relative to normal tissues 
and thymus. 

Previously, we have reported that cross-protective immunity is induced 
among three independently derived murine tumor cell lines (Sahasrabudhe et 
al, J. Immunology 151:6302 (1993)). These tumors, BCA 22, BCA 34, and 
BCA 39 were derived by in vitro mutagenesis of independent subcultures of 
the B/C.N line, a cloned, immortalized, anchorage-dependent, contact 
inhibited, nontumorigenic fibroblast cell line derived from a Balb/c embryo 
(Collins et al, Nature 299:169 (1982); Lin et al 9 JNCI 74:1025 (1985)). 
Strikingly, immunization with any of these tumor cell lines, but not with 
B/C.N provided protection against challenge with not only homologous tumor 
cells, but also against challenge with the heterologous tumor cell lines. 
Following immunization with any of these three tumor cell lines, CD8+ 
cytolytic T lymphocyte (CTL) lines and clones could be generated which in 
vitro displayed crossreactive specificity for the same three tumors, but not for 
the non-tumorigenic B/C.N cells from which they derived. 
] In OTder to move from an immunological definition to a molecular 

definition of this shared tumor antigen(s), we developed a novel and efficient 
method for the identification of genes that encode CTL target epitopes. In 
this approach a cDNA library from the BCA 39 tumor cell line was 
constructed in a modified vaccinia virus expression vector (Merchlinsky et aL 9 
Virology 238:444 (1997); E. Smith et at., Manuscript in preparation). Five 
hundred thousand plaque forming units (pfu) of this library were used to infect 
a monolayer of antigen-negative B/CJSf cells at a multiplicity of infection 
(moi) of 1. Following 12 hours infection, BCA 34 tumor specific CTL were 
added to the target cell monolayer at an effector to target ratio that gives 
approximately 50% lysis in a standard 51 Cr release assay. CTL specific for the 
heterologous BCA 34 tumor cell line were used in order to facilitate the 
identification of antigen(s) which are shared between these two tumor cell 
lines. Since adherence is an energy dependent process, it was expected that 
cells that undergo a CTL mediated lytic event would come off of the 
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monolayer and could be recovered in the supernatant. By harvesting virus 
from floating cells following cell mediated lymphocytotoxicity (CMLX it was 
possible to enrich for viral recombinants that had sensitized the host cell to 
lysis. An essential feature of this procedure is that it lends itself to repetition. 
The virus harvested following one cycle of enrichment can be used as input 
for additional cycles of selection using fresh monolayers and fresh CTL until 
the desired level of enrichment has been achieved. In a model experiment with 
CTL specific for a known recombinant, it was possible to demonstrate that 
specific recombinants could be enriched from an initial dilution of 0.001% to 
approximately 20% in 6 cycles of selection (Table 12). At this level it is a 
simple matter to pick individual plaques for further characterization. 

[0693J The poxvirus expression library was subjected to 4 cycles of selection 

with tumor-specific CTL. Individual plaques of the selected viral 
recombinants were expanded and used to infect separate cultures of B/C.N 
cells. These cells were assayed for the ability to stimulate specific CTL to 
secrete interferon gamma (IFNy) (FIG. 11 A), or for sensitization to lysis by 
the tumor-specific CTL (FIG. 11B). Ten viral clones were isolated all of 
which conferred upon B/C.N the ability to stimulate a line of tumor-specific 
CTL to secrete IFNy- All 10 clones contained the same sized (1,300 bp) insert 
(Smith et al> unpublished data). Sequence analysis confirmed that clones 
F5.8 and H2.16 contained the same full-length cDNA. It appeared, therefore, 
that all ten clones were recombinant for the same cDNA. In all, 6 of 6 CTL 
lines that were generated by immunization with BCA 34 demonstrated 
specificity for this antigen. 

[0694] A search of GenBank revealed that this cDNA is highly homologous to 

the murine ribosomal protein L3 gene (Peckham et aL, Genes and 
Development 5:2062 (1989)). Sequencing the entire H2.16 clone revealed 
only a single nucleotide substitution that coded for an amino acid change when 
compared to the published L3 gene sequence. This C170T substitution 
generates a Threonine to Isoleucine substitution at amino acid position 54. 
The F5.8 clone also contained this nucleotide substitution. 
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[069S] Since CTL recognize antigen as peptide presented by a Major 

Histocompatibility Complex (MHC) molecule, it was of interest to identify the 
peptide epitope recognized by these class I MHC-restricted tumor-specific 
CD8+ T cells. It was considered likely that the altered amino acid (He 54) 
would be included in the peptide recognized by the CTL. This hypothesis was 
supported by the demonstration that a vaccinia virus clone recombinant for 
only the first 199 bp (63 amino acids) of H2.16 (vH2i 9 9) was able to sensitize 
B/C.N to lysis by tumor-specific CTL (Smith et ai, unpublished data). A 
Computer screen of peptide-binding motifs suggested that there are two 
epitopes encoded within this region that could associate with high affinity to 
the class I MHC molecule K d (FIG. 12) (Parker et ah J. Immunology 152:163 
(1994)). These two peptides, L345.54 (154) and L34g.se (154) were synthesized 
and tested for the ability to sensitize B/C.N cells to lysis by tumor-specific 
CTL. As shown in FIG. 13 A, peptide L3 4 8-56 (154) sensitized B/C.N to lysis, 
while L345-54 (154), and the wild type L348- 5 6 (T54) did not It was determined 
that 10 nM L348-56 (154) was sufficient to sensitize targets to lysis by CTL, 
whereas 100 mM L3 4 8-56 (T54) did not (FIG. 13B). These results 
demonstrate that peptide U$4s-56 (154) is a target epitope recognized by the 
tumor-specific CTL. 

[0696] To analyze expression of the different L3 gene products, oligo-dT 

primed cDNA was synthesized from RNA of tumors and the B/C.N cell line 
from which they derived. The first strand cDNA was subjected to PCR 
amplification using a pair of primers which amplify nearly the entire mouse 
L3 mRNA. Sequence analysis of these PCR products showed that B/C.N and 
BCB13 L3 cDNA contained a C at position 170 (same as published sequence). 
BCB13 is a tumor cell line that was derived from the B/C.N cell line, but that 
is not immunologically cross-protective with the BCA tumor cell lines 
(Sahasrabudhe et at, J. Immunology 151:6302 (1993)). Sequence analysis of 
the PCR products from the crossreactive BCA 39, BCA 34, and BCA 22 
tumors suggested that these cell lines express two different species of L3 
mRNA. One species contains a C at 170, and the other contains a T at 170, as 
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in the H2.16 clone. The sequence of all L3 cDNAs were identical except for 
this one base substitution. 
[0697] There are two possible ways to account for the origin of the new L3 
KNA in tumor cells. Either the L3 (C170T)gene expressed in these tumors is a 
somatic mutant of the wild type gene or there are multiple germ line alleles of 
L3, at least one of which gives rise to an immunogenic product when 
deregulated during the process of tumor transformation. We considered the 
first hypothesis unlikely because the crossreactive BCA 39, BCA 34, and 
BCA 22 tumors were independently derived. It would be remarkable if the 
same mutant epitope was generated in all three tumors. On the other hand, 
Southern blots of different restriction digests of genomic DNA from BCA 39 
and B/C.N suggested that there are multiple copies of the L3 gene in the 
mouse genome (Smith et aL, unpublished data). The L3 gene has also been 
reported to be multi-allelic in both the rat and the cow (Kuwano et aL, 
Biochemical and Biophysical Research Communications 757:58 (1992); 
Simonic et aL, Biochemica et Biophysica Acta 1219:106 (1994)). Further 
analysis was required to test the hypothesis that different L3 alleles in the 
germ line are subj ect to differential regulation in tumors and normal cells. 
[0698] The nucleotide sequence of the published L3 from position 168 to 171 

is GACC. The sequence of H2.16 in this same region is GATC (FIG. 12). 
This new palindrome is the recognition sequence for a number of restriction 
endonucleases, including Sau3AI. As shown in the restriction map of FIG. 
14A, a Sau3A I digest of L3 is expected to generate fragments of 200, 355, 
348, 289, and 84 base pairs, while a Sau 3A I digest of H2.16 would generate 
a 168bp fragment in place of the 200 bp fragment. This difference in the Sau 
3AI digestion products was used to confirm that the three BCA cell lines 
express at least two different L3 alleles. The L3 RT-PCR products from all 5 
cell lines and thymus RNA was digested with Sau 3AI and analyzed on an 
agarose gel. As shown in FIG. 14B all 3 BCA lines express both versions of 
L3, Remarkably, when this assay was repeated using greater amounts of 
starting material, the 168 bp fragment was also detectable in the digests of 
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B/C.N, BCB13 and normal thymus cDNA (Smith et al, unpublished data). 
To enhance the sensitivity of this assay, the PCR was repeated using a P 32 end- 
labeled 5' L3 specific primer. The radiolabeled PCR products were digested 
with Sau3AI and resolved on an agarose gel. As shown in FIG. 14C, B/C.N, 
BCB13 and thymus contain the 168bp fragment. Quantitative analysis 
indicates that the ratio of 200bp: 168bp fragments in the BCA tumors is 2:1 
while the ratio of the same fragments detected in B/C.N, BCB13, and thymus 
is approximately 20:1. Low levels of expression of this immunogenic L3 allele 
was also observed when RNA from kidney, heart, and skeletal muscle was 
analyzed (Smith et aL 9 unpublished data). These results suggest that gene 
deregulation associated with the transformation process in the crossreactive 
tumors leads to the expression of higher levels of this genn line L3 (C170T) 
allele, and that this altered L3 gene was not generated by somatic mutation of 
the L3 gene that is predominantly expressed in normal tissues. We have 
termed this new L3 allele (C170T), the immunogenic L3 allele (iL3). 
] It is particularly intriguing that the immunogenic L3 allele is also 

expressed, albeit at a 10 fold reduced level, in normal thymus. This level of 
expression is evidently not sufficient to tolerize all T cells with functional 
avidity for the level of deregulated iL3 expressed in some tumors. The 
observation that although B/C.N and BCB13 express low levels of iL3, they 
are not susceptible to lysis by the tumor specific CTL suggests, however, that 
higher affinity T cells have been tolerized. To our knowledge this is the first 
instance in which a tumor antigen has been reported to be expressed in the 
thymus. These observations emphasize, that tolerance to a self-protein is not 
absolute but must be defined in relation to quantitative levels of expression 
(Targoni et al, J. Exp. Med 187:2055 (1998); C. J. Harrington et al, 
Immunity 5:571 (1998)). 
0] If broadly effective vaccines are to be developed based on expression 

of shared tumor antigens, then it is critical to demonstrate that such antigens 
can be immunoprotective. The largest number of shared antigens have been 
identified for human tumors, but clinical Immunotherapy trials employing 
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these antigens have so far been inconclusive, in part because of uncertainty 
regarding optimal vaccination strategies (Pardoll, D.M., Nat. Med. 4:525 
(1998)), In mice, where immunotherapeutic strategies could be more 
thoroughly investigated, very few shared tumor antigens have been identified. 
It was, therefore, of considerable interest to determine whether immunization 
with iL3 recombinant vaccinia virus would induce tumor specific CTL and 
protect mice from tumor challenge (Overwijk et al, Proc. Natl Acad. Sci. 
96:2982 (1999); Moss, B., Science 252:1662 (1991); Irvine et al, J. 
Immunology 154:4651 (1995); McCabe et al f Cancer Research 55:1741 
(1995); Estin et al t Proc. Natl Acad Set 55:1052 (1988); J. Kantor et al, 
JNCI84:IQ%4 (1992); V. Bronte et al, Proc. Natl Acad. Sci. 94:3183 (1997)). 
Immunization of Balb/c mice with vaccinia virus recombinant for the iL3 gene 
(H2.16) generated CTL that were able to lyse both BCA 34 and BCA 39 
tumor cells, but not B/C.N in vitro (FIG. 15 A). Mice immunized twice or 
even once with vaccinia virus recombinant for iL3 were able to reject 
challenge with BCA 34 tumor cells (FIGS. 15B and 15C). Mice immunized 
with empty viral vector, or control vaccinia recombinant for the Inhibitor 
Protein of cAMP-dependent Protein Kinase (PKIa) were unable to reject this 
tumor challenge (Olsen, S.R. and Uhler, MX>., J. Biol Chem. 2(55:11158 
(1991); Mueller et al, Manuscript in Preparation). These results demonstrate 
that the LL3 self-protein is an immunoprotective tumor antigen. 
[0701] We have developed a new strategy to identify genes that encode CTL 

epitopes based on CTL mediated selection from a tumor cDNA library in a 
modified vaccinia virus vector (Merchlinsky et al 9 Virology 238:444 (1997); 
E. Smith et al, manuscript in preparation). We have applied this strategy to 
identify a deregulated housekeeping gene that encodes a tumor rejection 
antigen shared by three independently derived murine tumors. This ribosomal 
protein may be representative of a larger class of immunoprotective shared 
tumor antigens that become immunogenic as a result of deregulated expression 
of self-proteins without compromising immune tolerance to normal tissues. 
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Such antigens would be well suited for immunotherapy of cancer in vital 
organs. 

EXAMPLES 

Cytotoxic CD4 + T Lymphocytes 

[0702] The method described for direct selection of vaccinia cDNA 

recombinants that encode T cell target epitopes exploits T cell lytic activity to 
release from an adherent monolayer those target cells that are sensitized to 
lysis by infection with specific vaccinia recombinants which encode antigens 
recognized by the T cell. This is a simple basis for fractionating cells that 
have undergone a CD8 T cell mediated lytic event from other cells that have 
not been sensitized to CTL lysis. 
[0703] Similarly, as would be appreciated by one of ordinary skill in the art, 

this method can be performed using cytotoxic CD4+ T cells. To be applicable 
to CD4+ T cells, it would be necessary to either induce cytotoxic CD4+ cells 
or to employ an independent method of fractionating cells that express the 
target antigen. It has been reported that selection of human cytotoxic CD4+ T 
cells in vitro is strongly promoted by the synergistic activity of IL-12 and IL- 
18 (Hashimoto, W. et al, J. Immunol i<tf:583-9 (1999)). We initially 
confirmed that this cytokine combination promotes selection of human 
cytotoxic CD4+ T cells and extended the observation to a murine primary 
CD4+ T cell response. 
[0704] Naive CD4+ CD45RA+ T cells, were isolated from PBL of an HLA- 

A2+ normal donor and stimulated in vitro with autologous dendritic cells 
pulsed with heat-inactivated influenza virus. The dendritic cells were derived 
from PBMC by culture with GM-CSF+IL-4 for 7 days. DC were pulsed with 
heat-inactivated influenza virus (1000 HAU) and transferred to monocyte 
conditioned medium for 3 more days to induce maturation prior to T cell 
stimulation. Cultures of naive T cells and antigen-pulsed dendritic cells 
received rhIL-2 (20 U/ml), rhIL-12 (20 U/ml, R&D Systems), rhIL-18 (10 
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ng/ml, R&D Systems), rhIFN-g (1 ngfail), and mouse anti-human IL-4 (50 
mg/ml, Pharmingen). Cells were restimulated after 7 days using identical 
conditions with fresh autologous DC pulsed with virus. Cytotoxic activity was 
assayed at day 14 in a 4 hr 5l Cr release assay using autologous monocytes +/- 
heat-inactivated virus or K562 control targets. The results shown in FIG. 16 
demonstrate the induction of a striking flu-specific CD4+ cytotoxic T cell 
response. 

[07051 We wished to determine whether a similar cytotoxic CD4+ response 

could be induced with murine CD4+ T cells specific for a non-viral antigen. 
Naive CD4+ mouse T lymphocytes from heterozygous DO11.10. transgenic 
females were cultured for 9 days in the presence of BALB/c bone marrow- 
derived mature dendritic cells pulsed with OVA 323-339 (10 mM). 
Recombinant murine cytokines were purchased from R&D Systems and used 
at the same concentrations as indicated above for the human cytokines. Rat 
anti-mouse IL-4 (11B11, Pharmingen) was used at 50 mg/mL B/c.N (H-2 d ) 
targets were incubated 72 hours with rmlFN-g (1000 U/ml) to induce 
expression of class II MHC molecules prior to a 4 hr 51 Cr release assay. The 
four panels of FIG. 17 demonstrate that OVA (323-339) specific cytotoxic 
cells are efficiently induced only in the presence of all 4 cytokines and anti-IL- 
4 antibody. As expected for this OVA (323-339) class II MHC restricted 
response, all the T cells recovered were CD4 positive. 

[0706] Construction of recombinant libraries that target endosomal 

expression. In order to be applicable to selection of CD4+ epitopes, the vector 
must be modified so that endogenously synthesized recombinant proteins can 
be processed in association with class II MHC. A strategy to accomplish this 
was described by Sanderson, S, et al, Proc Natl Acad Set USA 92:7217-21 
(1995) who demonstrated that proteins fused to class II invariant chain (Ii), 
when synthesized endogenously, are targeted to the endosomal pathway and 
can be efficiently processed and presented as peptide-MHC class II 
complexes. It was determined that an amino terminal fusion of the B-80 
fragment encompassing the first 80 amino acid residues of the invariant chain 
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fused to either ovalbumin or hen egg lysozyme allowed efficient processing 
and presentation of OVA and HEL peptide epitopes in association with class II 
MHC. Thus, the H-80 sequence is incorporated into the vaccinia expression 
system for selection of target epitopes of class II MHC restricted CD4+ T 
cells, 

[0707] An alternative strategy to confer lytic activity on CD4+ T cells is to 

transduce or transfect such cells with a Fas Ligand recombinant in a retroviral 
or other vector. A similar strategy has been demonstrated to confer lytic 
activity on cells that are not otherwise programmed for this function (Zhang, 
H-G.e/ al t Nature Biotech. 25:1045-1049 (1998)). Importantly, the lytic 
activity remains antigen specific. T cells modified in this fashion are be 
employed to select vaccinia cDNA recombinants that encode their target 
epitopes without bias to their specificity that might be imposed by D>12/IL-1 8 
driven selection for cytolytic activity. 

EXAMPLE 6 

Additional Screening Strategies 

[0708] Products of trimolecular recombination such as libraries, may also be 

subject to indirect selection methods such as screening methods as an 
alternative to the direct selection methods of the invention. In some cases, 
such as when a target epitope is recognized by non-cytolytic CD44- T 
lymphocytes, the strategy of "lethality based" selection described in the 
embodiments and examples of this invention may not be applicable because 
the expressed function (i.e., the target epitope or target polynucleotide) does 
not render the expressing cell non-viable or non-adherent (e.g., via recognition 
and lysis by a cytotoxic T cell, or by direct toxicity of the gene product). 
Nevertheless, the efficiency with which vaccinia recombinants can be 
introduced in a wide variety of cells and the high level of expression obtained 
from a replicating viral genome is a great advantage for screening functional 
gene expression even where direct selection is not possible. An example of 
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such screening is described in an earlier embodiment of the invention to detect 
and isolate genes that encode secreted molecules that regulate stem cell 
differentiation. 

Similar screening strategies are possible using many biological assays, 
as would be appreciated by the person of ordinary skill in the art. For 
example, cells expressing recombinants can be screened for the ability to 
induce antigen-specific immune cells such as non-cytotoxic T cells to secrete 
lymphokines or cytokines. In one version of this strategy, antigen-specific, 
non-cytolytic CD4+ T cells are stimulated in microcultures with a defined 
number of antigen presenting cells (APC) (preferably at an effectontarget ratio 
of between 5:1 and 100:1) that have been infected with recombinant vaccinia 
virus. Preferably, the APC are infected with recombinant vaccinia virus that is 
expanded from a small initial pool. Preferably an initial pool of between 1 and 
1000 viral pfu is expanded to 10 to 10,000 pfu. Any microculture that 
includes APC infected with a recombinant viral pool that includes a 
recombinant that encodes the specific target antigen will have activated T cells 
induced to secrete a characteristic lymphokine, preferably IFN-g, or TNFa, or 
GM-CSF. Sensitive bioassays for these cytokines are known in the art. Viral 
recombinants extracted from those microcultures that score positive in the 
bioassay are enriched for recombinants that encode the target antigen. Further 
similar rounds of screening can be performed with dilutions of these 
recombinants to isolate a viral cDNA recombinant that encodes the specific 
target antigen. 

EXAMPLE 7 



Identification of Genes Involved in Muskuloskeletal Stem Cell Differentiation 
and Disease Using Suicide and Other Reporter Gene Constructs 

Functionally mature and terminally differentiated cells of the 
musculoskeletal system, as defined by the expression of a specific gene 
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product (a marker) that is only produced in those cells, are derived from stem 
cells. These stem cells are instructed to Initiate the appropriate differentiation 
program by soluble factors, which initiate a signaling cascade that results in 
new gene expression. The products of new gene expression are directly 
involved in the cellular differentiation process. It has been demonstrated in 
other cell systems that the signal that normally initiates this differentiation 
process can be circumvented by introducing a downstream gene into the stem 
cell. Culture systems have been developed that reproduce the normal 
differentiation of chondrocytes, osteoblasts, and osteoclasts from progenitor 
cells. Appropriate markers are used to evaluate the authenticity and purity at 
various stages of differentitation. 
[0711] Recombinant libraries will be prepared in vaccina virus from 

developing and mature cells of each cell type. The libraries will be used to 
infect a stem cell line which has been modified to contain a suicide gene v 
construct such that if the differentiation program is initiated, the cell will die 
and release its recombinant virus. This virus, containing the gene that 
regulates the differentiation program, can be readily recovered by washing, 
aspiration, etc., as described herein. To verify the function of the recovered 
target polynucleotides in humans, the full-length human cDNA may be 
isolated and introduced into human primary stem cells, which can then be 
assessed for development into the appropriate lineage. 
[0712] Combining trimolecular recombination, in vitro musculoskeletal cell 

differentiation, and direct selection allows for the identification of genes that 
control growth and development. The genes identified are candidate 
pharmaceuticals or pharmaceutical targets. Alternative methods are also 
provided herein, such as in Examples 26-29. 
[0713] Stem cells. The genes that regulate differentiation of mature tissues 

from precursors or stem cells have been especially difficult to study because 
terminally differentiated cells often cease to proliferate. As a result it is in . 
effect impossible to recover specific functional genes that induce 
differentiation following DNA transfection or retroviral transduction. It is, 
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however, possible to design a system in which differentiation results in cell 
death. Under these conditions, genes that promote differentiation can be 
isolated from a vaccinia library that expresses cDNA of the differentiated cell 
type by "lethality based selection." Every differentiated cell is distinguished 
from its precursors by expression of some specific gene product. 
Transcriptional activation of the promoter for that gene often serves as a 
surrogate marker of differentiation.. If a construct of that specific promoter 
driving expression of a toxin such as the diphtheria A chain is transfected into 
a proliferating precursor, then any gene that promotes differentiation will 
result in cell death. If that gene is introduced as a recombinant in a vaccinia 
expression vector, then it can be as readily recovered from dying differentiated 
cells as from the targets of CTL lysis. These methods are applicable to any 
stem cell population that can be induced to differentiate into a well-defined 
cell type or tissue. Stem cells have been described for a wide variety of tissues 
including but not limited to different types of blood cells, epidermal cells, 
neurons, glial cells, kidney cells, and liver cells. Among these also are the 
different stem cells of the musculoskeletal system including the precursors of 
chondrocytes, osteoblasts, osteoclasts, and myocytes. 

[0714] Osteoclasts. Bone is the only organ that contains a cell type, the 

osteoclast, whose function is to destroy the organ in which it develops and 
resides. This destruction, or resorption, of bone occurs throughout life and in 
the healthy individual is counterbalanced by de novo bone formation in a 
processs called bone remodeling. The genetic control of osteoclast 
differentiation is one of the best understood examples of stem cell 
differentiation. The methods and strategies of this invention can be applied to 
identify genes that regulate stem cell differentiation just as they have been 
applied to identify the targets of immune cytotoxicity. This is illustrated 
specifically for the analysis of osteoclast differentiation. 

10715] Strategies are described to detect and isolate both genes that positively 

or negatively regulate differentiation including genes that are expressed in the 
differentiating cell itself or that are a secreted product of another producing 
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cell that influences differentiation in a paracrine fashion. In all cases a cell 
type or cell line that can be induced to differentiate into mature osteoclasts in 
response to a specific signal, preferably RANK Ligand (RANKL), is 
employed to detect and isolate recombinant vaccinia virus expressing genes 
that regulate osteoclast differentiation. In a preferred embodiment, RAW cells 
are employed. RAW cells are a continuously growing murine 
myelomonocytic cell line that can be induced to differentiate into osteoclasts 
by treatment with a range of concentrations of RANK ligand (RANKL), 
preferably 10 ng/ml (Hsu, H. et al, Proc Natl Acad Sci USA P5(7):3540-3545 
(1999); Owens, J. M. et al, J Cell Physiol 179:110 (1999)). These or 
similarly responsive cells can be transfected with a suicide gene construct 
comprising a promoter that normally drives expression of a gene product that 
is recognized as a marker of fully differentiated osteoclasts but which is linked 
in this construct to expression of a suicide gene. La a preferred embodiment 
the promoter is that of the osteoclast differentiation marker TRAP and the 
suicide gene encodes the A chain of diphtheria toxin (TRAP/DT-A). 

Detection And Isolation of Genes That Positively Regulate Differentiation 

[0716] DNA sense strand based strategy. A vaccinia cDNA library is 

constructed for functional gene selection from cDNA derived from cells that 
include but are not limited to mature bone marrow derived osteoclasts, or 
RAW cells or other precursors that have been induced to differentiate into 
osteoclasts, cDNA may be isolated from either fully mature cells or cells that 
have been induced to initiate the differentiation program but have not yet 
completed the process and may express higher levels of the downstream 
regulatory products. RAW cells or other osteoclast progenitor cells that have 
been transfected with a TRAP/DT-A or similar suicide gene construct are 
infected with the vaccinia cDNA library, infection at a multiplicity of infection 
(MOI) of between o.l and 10 is preferred. Any vaccinia recombinant that 
encodes a gene product that promotes differentiation to the mature TRAP 
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expressing phenotype will result in synthesis of the toxin, and death of the 
infected cell. Such cells and their contents will be released from the cell 
monolayer. Vaccinia virus recombinants extracted from the cells and cell 
contents released into the culture supernatant are enriched for the desired 
vaccinia recombinants. As described for selection of recombinants that 
encode cytotoxic target antigens, this selection process can be repeated 
through multiple cycles until the desired level of enrichment is achieved. 
TRAF6 (Lomaga, M. A. et al, Genes Dev 13:1015 (1999)), c-Fos (Wang, Z. 
Q. et al, Nature 360:741 (1992)), and c-Src (Soriano, P. et al , Cell 64:693 
(1991)), are examples of positive regulators of osteoclast differentiation that 
could have been isolated through this method. 
[0717] DNA antisense strand based strategy. A limitation of the cDNA 

expression strategy is that certain regulatory products encoded by very long 
cDNA may be difficult to clone as a functional intact product. Antisense 
inhibition is an alternative strategy that does not depend on cloning of full- 
length cDNA. In this case, total cDNA derived from the same cells as in the 
sense strand based strategy is cloned into the vaccinia transfer plasmid in 
reverse orientation so that the recombinant gene product synthesized in 
infected cells cannot encode the normal gene product but can hybridize to and 
inhibit translation or promote degradation of complementary cellular mRNA 
sequences. To detect sequences required for differentiation, RAW cells or 
other progenitor cells transfected with TRAP/DT-A or similar suicide 
construct are treated with an agent that induces differentiation, in a preferred 
embodiment with 10 ng/ml RANKL. Under these conditions almost all 
transfectants differentiate and undergo suicide gene mediated cell death. Only 
cells that have been infected with a* vaccinia recombinant that inhibits 
expression of an essential regulator of differentiation will survive and remain 
adherent. Virus extracted from the remaining adherent monolayer will, 
therefore, be enriched for sequences homologous to the desired positive 
regulators of differentiation. This selection process can also be repeated 
through several cycles until the desired degree of enrichment of recombinants 
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in the adherent monolayer is achieved. The aatisense gene fragments obtained 
can be employed to select the actual full-length coding sequence. TRAP6 
(Lomaga, M. A. et al, Genes Dev 13:1015 (1999)), c-Fos (Wang, Z. Q. et al 9 
Nature 360:141 (1992)), and c-Src (Soriano, P. et al , Cell 64:693 (1991)), are 
examples of positive regulators of osteoclast differentiation that could have 
been isolated through this method. 

Detection and Isolation of Genes That Negatively Regulate Differentiation. 

[0718] DNA sense strand based strategy. A vaccinia cDNA library is 

constructed from cDNA derived from cells that include but are not limited to 
bone marrow derived osteoclastic progenitors, an enriched fraction of 
progenitors, or RAW cells or other precursors that have been induced to 
differentiate into osteoclasts. cDNA may be isolated from cells that include 
but are not limited to immature precursor cells or cells that have been induced 
to initiate the differentiation program but have not yet completed the process 
and may express higher levels of the downstream regulatory products. It is of 
particular interest to determine whether other alternative cell types that have 
irreversibly differentiated from the , same stem cell population express 
inhibitory factors for differentiation of the alternative lineages. For example, 
dendritic cells differentiate from the same precursors that under other 
conditions give rise to osteoclasts. cDNA is cloned in the sense orientation for 
infection of indicator cells transfected with TRAP/ DT-A or similar suicide 
construct as described above. The indicator cells are treated with an agent that 
induces differentiation, preferably 10 ng/ml RANKL. Under these conditions 
almost all transfectants differentiate and undergo suicide gene mediated cell 
death. Only cells that are infected with a vaccinia recombinant that inhibits 
differentiation will survive and remain adherent Virus extracted from the 
remaining adherent monolayer will, therefore, be enriched for sequences 
homologous to the desired negative regulators of differentiation. This 
selection process can be repeated through several cycles until the desired 
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degree of enrichment of recombinants in the adherent monolayer is achieved. 
A negative intracellular regulator of osteoclast differentiation has not as yet 
been isolated. However, it has been suggested that the Est-1 transcription 
factor plays such a role in differentiation of B lymphocytes (Bories, J. C. et al 
Nature 377(6550):635-8 (1995)). 
[0719] DNA antisense based strategy. Total cDNA derived from the same 

cells as in the sense strand based strategy is cloned into the vaccinia vector in 
reverse orientation so that the recombinant gene product synthesized in 
infected cells cannot encode the normal gene product but can hybridize to and 
inhibit translation or promote degradation of complementary cellular mRNA 
sequences. If the targeted sequence encodes an essential factor that inhibits 
cell differentiation, then in the absence of an effective inhibitory signal RAW 
cells or other progenitor cells transfected with TRAP/DT-A or similar suicide 
construct will either spontaneously differentiate or will differentiate in 
response to otherwise suboptimal signals. Differentiation to the mature TRAP 
expressing phenotype will result in synthesis of the toxin, and death of the 
infected cell. Such cells and their contents will be released from the cell 
monolayer. Vaccinia virus recombinants extracted from the cells and cell 
contents released into the culture supernatant are enriched for sequences 
homologous to the desired negative regulators of differentiation. As 
described for selection of recombinants that encode cytotoxic target antigens, 
this selection process can be repeated through multiple cycles until the desired 
level of enrichment is achieved. The antisense gene fragments obtained can be 
employed to isolate the actual full-length coding sequence. A negative 
intracellular regulator of osteoclast differentiation has not as yet been isolated. 
However, it has been suggested that the Est-1 transcription factor plays such a • 
role in differentiation of B lymphocytes (Bories, J. C. et al, Nature 
377(6550):635-8 (1995)). 
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Detection And Isolation of Secreted Products That Regulate Differentiation . 

[0720] In another embodiment of the present invention, inserts are selected 

based on autocrine or paracrine activity. Thus, gene products such as proteins 
or peptides expressed in a host cells may function on that host cell after being 
secreted, or may function on a second cell after being secreted. Such second 
cell may be the same type of cell as the host cell or may be a different type of 
cell from the host cell. The secreted gene product may modulate 
differentiation, such as activating or inhibiting differentiation. If the gene to 
be identified and isolated functions only in paracrine fashion, that is being 
produced in one cell that affects activation or differentiation of a second cell, 
then the strategy of "lethality based" selection described in the previous 
paragraphs is not applicable since the expressing cell does not itself become 
non-viable or non-adherent. Nevertheless, as described below, the efficiency 
with which vaccinia recombinants can be introduced in a wide variety of cells 
and the high level of expression from replicating viral genomes is a great 
advantage for screening functional gene expression even where direct 
selection is not possible. ^ 
[0721] A vaccinia library is constructed in the sense orientation from cDNA 

derived from cells that include but are not limited to bone marrow derived 
stromal cells and/or lymphoid cells. Producer cells are selected that do not 
either induce or inhibit induction of differentiation of RAW cells or other 
osteoclast progenitors. These may include but are not limited to fibroblastoid 
or lymphoid cells and cell lines or RAW cells themselves. In a preferred 
embodiment, RAW cells are employed as an indicator target for 
differentiation. These or similarly responsive cells are transfected with an 
indicator gene (e.g. reporter gene) construct comprising a promoter that 
normally drives expression of a gene product that is recognized as a marker of 
fully differentiated osteoclasts but which is linked in this construct to 
expression of an easily detected indicator gene (e.g. reporter gene) product. In 
a preferred embodiment the promoter is that of the osteoclast differentiation 
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marker TRAP and the indicator gene (e.g. reporter gene) encodes the enzyme 
luciferase (TRAP/luciferase). 

[0722] Multiple cultures of producer cells are separately infected with 

recombinant vaccinia virus expanded from a small initial pool, preferably an 
initial pool of between 1 and 1000 viral pfu is expanded to 10 to 10,000 pfu 
prior to infection of between 100 and 10,000 producer cells. Each pool of 
infected producer cells is cocultured with indicator cells that have been 
transfected with TRAP/luciferase or a similar indicator construct. 

[0723] Secreted molecules that induce differentiation. Membrane expression 

or secretion of any recombinant gene product that promotes differentiation of 
the indicator cells to the mature TRAP expressing phenotype will result in 
synthesis of luciferase in those cells and, upon addition of luciferase assay 
reagents as is well known in Hie art, will give rise to a readily detectable signal 
from wells that express that recombinant gene product. Vaccinia 
recombinants are extracted from positive wells and further diluted to isolate in 
a repetition of the same assay with producer and indicator cells the specific 
recombinant with differentiation promoting activity. RANKL (Lacey, D.L. et 
al 9 Cell 95:165-176 (1998)) is itself an example of a positive regulator of 
osteoclast differentiation that could have been isolated through this method. 

[0724] Secreted molecules that inhibit differentiation. RAW cells or other 

progenitor cells transfected with TRAP/luciferase or similar indicator 
construct are treated with an agent that induces differentiation, in a preferred 
embodiment with RANKL at the lowest concentration that, in the absence of 
vaccinia recombinants, reproducibly induces differentiation and a positive 
indicator signal in every microculture of producer and indicator cells. Under 
these conditions, only microcultures that include a producer cell infected with 
a recombinant gene that leads to membrane expression or secretion of an 
inhibitor of osteoclast differentiation to the mature TRAP expressing 
phenotype will fail to induce luciferase synthesis and, upon addition of 
luciferase assay reagents, will not give rise to a readily detectable signal. 
Vaccinia recombinants are extracted from these negative wells and further 
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diluted to isolate in a repetition of the same assay with producer and indicator 
cells the specific recombinant with differentiation inhibiting activity. 
Osteoprotegerin (OPG), Simonet, W.S. et al. 9 Cell 89:309-19 (1997), which is 
identical to osteoclastogenesis inhibitory factor (OCIF), Yasuda, H. et aL, 
Endocrinology 739:1329-37 (1998), is an example of a type of negative 
regulator of osteoclast differentiation that can be isolated through this method. 

Vector Construction 

[0725] TRAP/DT-A. The pTH-1 vector has been described (I.H. Maxwell, 

I.H., et al, Cancer Research 46:4660-4664 (1986)). This vector contains the 
diptheria toxin A chain gene, with expression controlled by the human 
metallothionein HA promoter. The metallothionein HA promoter can be 
excised from this vector by digestion with Xmam and Ncol, and replaced with 
another promoter. The pTH-1 vector is digested with Xmaffl, blunt ended with 
T4 DNA Polymerase, and then digested with NcoL These manipulations 
remove the metallothionein HA promoter, and leave the vector with a 5' blunt 
end, and a 3' Ncol overhang. The TRAP(_i846-+2) promoter can be excised 
from pBSmTRAPS' (S.V. Reddy, T. Scarcez, JJ. Windle, RJ. Leach, J.E. 
Hundley, J.M. Chirgwin, J.Y. Chou, and G.D. Roodman. 1993 J. Bone and 
Mineral Research 8: 1263-1270) with Smal and Bgffl. The TRAP promoter is 
prepared for insertion into pTH-1 by ligation of an oligodeoxynucleotide 
adapter that converts the BglH overhang into a Ncol overhang. This adapter is 
constructed from 2 single stranded oligodeoxynucleotides. BgHI-NcoI Sense : 
5' GATCTCGGTAACCGC 3' (SEQ ID NO:38); BglH-Ncol Antisense: 
5'CATGGCGGTTACCGA 3' (SEQ ID NO:39). These two oligos are 
annealed together, and then ligated onto the TRAP molecule using T4 DNA 
Ligase. The modified TRAP is then inserted into the blunt/Ncol sites of 
pTH-1. 

[0726] Other DT-A constructs, pIBI30-DT-A, and a plasmid with an 

attenuated DT-A sequence, pIBI30-176 have been reported (Palmiter et aL y 
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Cell 50:435-43 (1987)). One possible advantage of the attenuated sequence is 
that a transfectant with leaky expression is less likely to undergo spontaneous 
lysis. 

[07271 TRAP/Luciferase: The pKB5 vector was constructed by insertion of 

the mouse TRAP promoter ( -1846bp to +2 bp (positions are relative to the 
ATG start codon of TRAP)) into the Kpnl and BgUI sites of the pGL2 Basic 
vector (Promega). In this vector the TRAP promoter controls expression of the 
luciferase gene. Construction of this vector has been described (S.V. Reddy, 
T. Scarcez, J.L Windle, R J. Leach, J.E. Hundley, J.M. Chirgwin, J.Y. Chou, 
and G.D. Roodman. J. Bone and Mineral Research 5:1263-1270 (1993)). 

[07281 GST-OPGL. For synthesis of murine and human RANKL in bacteria, 

the murine and human OPGL cDNA was cloned into the Smal and Hind3 sites 
of pGEX-2TK (Amersham Pharmacia) to generate a GST fusion protein. 
Following purification of the fusion protein on glutathione sepharose, the 
glutathione S-tyransferase (GST) affinity tag is separated from the 
recombiannt protein by digestion with thrombin. Approximately 30 mg of 
purified RANKL can be recovered from a 1 liter bacterial culture. 

[0729] Preparation of total bone marrow cell suspension. Long bones (tibias 

and femurs) are removed from 4-6 day old euthanized pups. Bones will be 
dissected free of adherent soft tissue and curretted with a scalpel blade into 2 
or 3 ml of prewarmed Medium 199 with Hank's Salts (Sigma, St. Louis, MO), 
pH 7.0, buffered with lOmM HEPES containing 100 fig/ml 
penicillin\streptomycin. The resulting suspension of cells and bone fragments 
will be gently triturated ten times with a transfer pipette whose tip has been cut 
back to a diameter of approximately 5 mm. 

Mesenchymal Stem Cells and Their Role in the Musculoskeletal System 



Mesenchymal stem cells are piuripotent and have the capacity to 
differentiate into mature cells with the phenotypic expression of fat, muscle, 
bone, cartilage, ligament, and tendon (Gerson, S. et aL, Nature Med. 5:262- 
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264 (1999); Majumdar, M. et al, 1 Cell Physiol 176:57-66 (1998)). 
Mesenchymal stem cells are critical during limb development and populate the 
limb bud, giving rise to the various mature mesenchymal tissues in the limb 
(Johnson, R., and Tabin, C, Cell 90:979-990 (1997)). The signals necessary 
for this process are poorly defined but are recapitulated in adult tissues during 
skeletal repair processes. 
[0731] Mesenchymal stem cells remain in post-embryonic tissues and are 

present in periosteum, perichondrium, muscle, bone marrow and at other sites 
(Bruder, S. et aU Cell Biochem. 64, 278-94 (1997)). These cells retain the 
capacity to undergo differentiation and develop the characteristics of 
differentiated cells necessary for skeletal repair processes. Successful skeletal 
repair involves the capacity of these cells to respond to appropriate stimuli. 
Fracture healing is an example of this process, whereby mesenchymal cells 
proliferate, undergo chondrogenesis, with subsequent bone formation 
occurring by endochondral ossification. Ultimately this results in fracture 
union and healing with subsequent remodeling of the new bone. More 
complete knowledge of the genes involved in this process will provide targets 
to improve repair processes and provide the possibility of therapeutic 
intervention. 

[0732] In other diseases of the musculoskeletal system, adequate repair rarely, 

if ever, occurs. An example of inadequate repair involves repair of articular 
cartilage defects. Joint formation is completed during embryologic 
development and the joint surface is composed of articular chondrocytes 
embedded in a highly specialized matrix. Articular cartilage is a low friction 
surface that is highly resistant to compressive and shear forces. Mature 
articular chondrocytes are terminally differentiated and have little capacity to 
initiate repair. Loss of the articular surface, with exposure of the underlying 
subchondral bone, occurs with increasing frequency with aging and is the 
pathological process that occurs in osteoarthritis. 
[0733] Currently there are sev^al therapies that have been used to repair 

articular cartilage defects, but none of these treatments have had a high degree 
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of efficacy. In a procedure call mosaic-plasty, cores of articular cartilage and 
underlying bone are taken from one location and transplanted to a new 
location, filling in an articular cartilage defect. Frequently, several separate 
cores are required to fill a defect. While there is an attempt to harvest the 
tissue from sites with minimal need for the cartilage, this procedure has 
significant donor morbidity. Similarly, while there is an attempt to match the 
donor cartilage to the normal contour of the cartilage defect, incongruency of 
the repaired cartilage inevitably remains and the wear resistance of the 
transplanted tissue is limited. 
[0734] Other procedures currently in use depend upon the development of 

normal tissue from transplanted cells. In the first case, terminally 
differentiated articular chondrocytes are harvested from a joint surface, the 
cell population expanded in culture, and transplanted into the defective surface 
(Brittberg, M. et al. 9 N. Eng. J. Med. 337:889-895 (1994)). The cells are 
placed under a covering of periosteum. Although early results suggested 
excellent reconstitution of the tissue, later results are less promising 
(Buckwalter, J. Bull. Am. Acad. Orthop. Surg. 44:24-26 (1996)). In the second 
case, periosteum is harvested from the bone surface and placed over the 
cartilage defect with the cambium layer, which contains the highest proportion 
of mesenchymal cells, facing the defect. In both of these cases, the cellular 
transplants are performed in association with preparation of the underlying 
subchondral bone surface. However, instead of forming a hyaline cartilage 
surface with a high content of aggregating proteoglycans, a fibrocartilaginous 
reparative tissue, characterized by the expression of type I collagen and an 
absence of aggregating proteoglycans, forms. This tissue has inferior 
mechanical properties compared to normal articular cartilage. Similar results 
have been reported in combination with cell and perichondria! tissue 
transplantation. Since one of the important differences between fibrocartilage 
and hyaline cartilage is the production of type II collagen and aggrecan by 
hyaline cartilage, identification of genes and signals important in the 
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maintenance of these genes could have tremendous clinical relevance for the 
development of effective reparative tissue. 

[0735] Chondrogenesis. Chondrogenesis is the formation of cartilage cells 

and tissues from mesenchymal stem cells. At an early stage of limb 
development mesenchymal cells condense and shift from the production of 
type I to type II collagen (Erlebacher, A.et al 9 Cell 80:371-378 (1995)). The 
cells also begin to produce and secrete aggregating proteoglycans. A highly 
cellular and distinct lining tissue surrounds this early cartilage anlagen, which 
is the earliest precursor to the skeleton. This lining tissue persists and 
becomes the periosteum, in areas where it surrounds bone, and the 
perichondrium, in areas where it surrounds cartilage. The periosteal and 
perichondrial tissue contains mesenchymal stem cells and during 
development, additional cartilage cells differentiate form this tissue as the 
skeleton increases in width during development (Erlebacher, A. et ah. Cell 
50:371-378 (1995)). In the adult, this tissue provides a reservoir of cells for 
skeletal repair processes. 

[0736J As development proceeds, the chondrocytes undergo a process of 

maturation that results in endochondral bone formation. In the center of the 
cartilaginous anlagen, chondrocytes hypertrophy, and increase approximately 
5 to 10-fold in size. Associated with cell hypertrophy is an increase in 
alkaline phosphatase activity and the expression of type X collagen. Type X 
collagen is a globular collagen which is expressed only in chondrocytes 
undergoing terminal differentiation and committed to completion of 
endochondral ossification (Castagnola, V.et al 9 J Cell Biol 102:2310-2317 
(1986)). Although the mechanisms involved in the process are not 
understood, the phenotypic changes are essential for normal bone development 
and defects in type X collagen expression are associated with 
chondrodysplasias (Warman, M. L. et aL 9 Nature Genet 5:79-82 (1993)). 
Terminally differentiated chondrocytes undergo apoptosis and the calcified 
cartilage serves as a template for the primary bone formation. Vascular 
ingrowth into the region of calcified cartilage precedes bone formation. As 
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the central region of the bone becomes ossified, the cartilaginous regions 
move toward opposite ends of the long bone and constitute the growth plate 
which is necessary for skeletal growth throughout development. The process 
of chondrocyte hypertrophy and terminal differentiation continues through 
adolescence. The entire process is recapitulated during fracture healing. 
[07371 C3H10T1/2 Cells: A Model for Chondrogenesis and 

Osteoblastogenesis. Several cell lines have been used to study chondrogenesis 
and the factors associated with this process. C3H10T1/2 cells are a 
muMpotential murine embryonic mesenchymal cell line with the potential to 
undergo chondrogenesis, osteogenesis, myogenesis, and adipogenesis 
(Denker, A. et aL, Differentiation 54:67-76 (1999)). These cells can undergo 
muscle differentiation and myotubule formation following treatment with 5- 
azacytidine! Chondrogenesis and adipocitogenesis also occur following this 
treatment (Taylor, S. and Jones, P., Cell 1 7:771-79 (1979)). C3H10T1/2 cells 
are particularly responsive to differentiation following treatment with BMPs. 
In the presence of BMPs the cells can undergo differentiation along three 
lineages (Atkinson, B. et ah J, Cell Biochem. 55:325-39 (1997); Katagiri, T. et 
al. 9 Biochem. Biophys. Res. Commun. i72:295-299 (1990); Wang, E. et aU 
Growth Factors 9:57-71 (1993)), although myogenic differentiation is 
inhibited. However, in high density cultures, BMP treatment preferentially 
favors chondrogenesis. TGF-fi. also stimulates chondrogenesis in these cells, 
as does azacytadine. Similar to primary mesenchymal cells, N-cadherin is 
induced during chondrogenesis and appears to play an important role in this 
process (Haas, A., and Tuan, R. Differentiation «:77-89 (1999)). 
[0738] Sox 9 is a member of the Sox family, a group of transcription factors 

important in developmental processes (Pevny, L., and Lovell-Badge, R. Curr. 
Opin. Genet Dev. 7:338-344 (1997)). Sox9 expression is high in 
chondroprogenitor cells and in chondrocytes during endochondral bone 
formation (Wright, E. et al, Nat Genet 9:15-20 (1995)). Sox9 appears to be 
an important regulator of type II collagen, a chondrocyte specific gene 
(Lefebvre, V. et at, Mol Cell Biol 77:2336-2346 (1997)). Zehentner, B., 
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Dony, C„ and Burtscher, H. J. Bone Min. Res. 74:1734-1741 (1999) have 
recently shown that BMP-2 causes a 4-fold induction in Sox9 expression in 
C3H10T1/2 cells and a marked up-Tegulation of type II collagen gene 
expression- While the plating density of the C3H10T1/2 cells was not defined 
in this study, low levels of type II collagen were expressed under basal 
conditions. Surprisingly, type X collagen, a marker of a differentiated 
chondrocyte committed to endochondral bone formation, was induced. In 
control cultures, no type X collagen could be observed, while high levels were 
observed following BMP-2 treatment (200 ng/ml). Anti-sense 
oligonucleotides to Sox9 partially inhibited the induction of type II and type X 
collagen expression (Zehentner, B., Dony, C, and Burtscher, H. J. Bone Min. 
Res. 74:1734-1741 (1999)). Thus, marked induction of chondrocyte specific 
genes occurs in C3H10T1/2 cells following BMP-2 treatment. The hedgehog 
proteins can synergistically enhance differentiation of C3H10T1/2 cells 
(Nakamura, T. etal. 9 Biochem. Biophys. Res. Commun. 247:465-69 (1997)). 
[0739] Osteoblast differentiation has been characterized in C3H10T1/2 cells 

(Katagiri, T. et al, Biochem. Biophys. Res. Commun. 772:295-299 (1990); 
Wang, E. et al, Growth Factors 9:57-71 (1993); Harada, H. et at., J. Biol. 
Chem. 274:6972-6978 (1999)). BMP-2 stimulates the differentiation of 
osteoblasts, and differential display has been used with C3H10T1/2 cells to 
clone osteoblast-specific genes following differentiation (Kobayashi, T. et ah> 
Gene 795:341-349 (1997)). The osteoblast phenotype is characterized by the 
expression of several genes, including alkaline phosphatase, osteocalcin, and 
osteopontin. CBFA1 (core-binding factor) has been identified as a 
transcription factor essential for osteoblast differentiation. Targeted disruption 
of this gene in mice results in the absence of osteoblast formation (Komori, T. 
et aL, Cell 59:755-764 (1997)) and this gene is involved in the human disorder 
cleidocranial dysplasia (Lee, B. et al., Nat. Genet. 75:307-310 (1997)). 
Recently, it has been shown that co-transfection of BMP-4 and CBFA1 
synergistically enhanced the expression of the osteocalcin, osteopontin, 
alkaline phosphatase, and type I collagen genes. The expression of 
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osteocalcin, alkaline phosphatase, and osteopontin were undetectable in mock- 
transfected cells, but were highly expressed in the CBFA1 and BMP-4 
transfected cells (Harada, H. et ah, Jl Biol Chem. 274:6972-6978 (1999)). 
See Example 30. 

[0740] Osteoarthritis and type X collagen expression. Chondrocytes express 

type n collagen, and are distinguished from other mesenchymal cells by the 
expression of this structural collagen. Chondrocytes can further differentiate 
into cells that calcify cartilage, ultimately leading to bone formation. This 
process is called endochondral ossification. Chondrocytes which undergo 
endochondral ossification, such as growth plate chondrocytes or chondrocytes 
in skeletal repair processes (fracture healing) express type X collagen. 
Articular chondrocytes (which line the joint) do not express type X collagen, 
but in arthritis, these cells begin to express this gene. Thus, type X collagen is 
a marker of both reparative and disease processes involving chondrocytes. 
[0741] C3H10T1/2 cells are a multipotential murine embryonic mesenchymal 

cell line that normally express type I collagen and are induced to express type 
II collagen when they undergo chondrogenesis. Chondrogenesis is enhanced 
by high density plating of the cultures and by growth factors. Zehentner, et 
aU J- Bone Mn. Res. 74:1734-1741 (1999) show that BMP-2 markedly 
enhances the expression of type II collagen. Even more importantly, type X 
collagen, which cannot be detected in control cultures, is strongly expressed in 
the treated cultures. Other markers of chondrogenic differentiation, including 
aggrecan, are markedly induced. See Example 30. 
{0742] Detection and isolation of genes that positively or negatively regulate 

differentiation of chondrocytes and osteoblasts. As described earlier, the 
invention comprises methods to detect and isolate genes that either positively 
or negatively regulate stem cell differentiation including genes that are 
expressed in the differentiating cell itself and that are a secreted or membrane 
product of another producing cell that influences differentiation in a paracrine 
fashion. In a preferred embodiment, the method is applied to detect and 
isolate recombinant vaccinia virus expressing genes that regulate 
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differentiation of chondrocytes and osteoblasts. One or more cell types or cell 
lines are required that can be induced to differentiate into chondrocytes or 
osteoblasts in response to a specific signal. In a preferred embodiment, high 
density cultures of C3H10T1/2 cells are induced by BMP-2 to differentiate 
into chondrocytes. In another preferred embodiment continued differentiation 
of the same pluripotent C3H10T1/2 cells into osteoblasts is induced by TGFp 
(Joyce, M. etal,L Cell Biol 770:2195-2207(1990)). Further discrimination 
in the readout of cell differentiation is possible by employing C3H10T1/2 cells 
transfected with promoter/suicide or promoter/indicator constructs (as 
previously described for isolation of genes that regulate osteoclast 
differentiation) where, in this case, the promoter is specific for expression of 
either a marker of chondrocyte differentiation or a marker of osteoblast 
differentiation. As markers of chondrocyte differentiation, type II collagen or 
aggrecan are preferred, and type X collagen is especially preferred. As a 
marker of osteoblast differentiation, osteocalcin is especially preferred. 
[0743] The most important and meaningful information regarding the collagen 

promoter construct is whether or not it is expressed in a manner consistent 
with the in vivo expression pattern. If it is not, then it is uncertain that it 
would be a good marker or endpoint for the differentiated phenotype. Tissue 
specific expression patterns have been examined in mice transgenic for either 
the mouse type X collagen promoter (Ann. NY Acad Sci. 755:248-250 (1996)) 
or the chicken type X promoter (Nature 365:56-61 (1993)). Interestingly, the 
chicken type X collagen promoter (in the mouse), provides an expression 
pattern identical to the in vivo expression of the mouse type X collagen gene. 
The mouse type X collagen promoters tested were expressed in a number of 
different tissues, including brain, skin, and in some cases hypertrophic 
chondrocytes. More importantly, a mutation that should cause a 
chondrodysplasia (and does in the chicken constructs) did not cause this using 
the mouse sequences. Thus, the chicken promoter, at least, appears to offer 
expression with the specificity of the normal gene. The mouse promoter 
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appears to be less specific. The chicken type X collagen promoter is preferred 
for this embodiment of the invention. 

Vector Construction 

[0744] Osteocalcin-DT-A. The OC2 promoter will be excised from 

pOC2CAT with Xhol and HindllL Adapters will be ligated onto this 
molecule in order to convert the Xhol overhang into a XmaTTT overhang. This 
will be done using oligos XhoI-XmalE sense: 5' GGCCGAAATAACCGC 3' 
(SEQ ID NO:40), and XhoI-XmalU antisense: 5* TCGAGCGGTTATTTC 3' 
(SEQ ID NO:41). The HindUI overhang will be converted into a Ncol 
overhang using oligos H3-NcoI sense 5' AGCTTCGGTAACCGC 3* (SEQ ID 
NO:42), and H3-NcoI antisense 5' CATGGCGGTTACCGA 3'(SEQ ID 
NO:43). These adapters will be annealed together, and then ligated onto the 
OC2 molecule. The adapter modified OC2 promoter will then be inserted into 
the XmaIH and Ncol sites of pTH-1. 

[0745] Osteocalcin - Luciferase. The pGL3-Basic Vector (Promega) contains 

a promoterless luciferase gene. The 1.1Kb Osteocalcin promoter has been 
described (B. Frenkel, C. Capparelli, M. van Auken, J. Bryan, J.L. Stein, G.S. 
Stein, LB. Iian. 1997. Endocrinology 138: 2109-2116). The OC2 promoter 
is available in vector pOC2-CAT. The OC2 promoter can be excised from this 
vector with Xhol and HindUI, and inserted into the matching Xhol and 
Hindm sites of pGL3-Basic Vector. This new vector, pOC2-Luc, will have 
the luciferase gene controlled by the OC2 promoter. 

[0746] Chicken Collagen X-DT-A. The B640-CAT construct has been 

described (S.W. Volk, P. Luvalle, T. Leask, RS. Leboy. 1998 X Bone Min. 
Res. 13: 1521-1529). This vector, contains the Chick Collagen X "B" 
Fragment/promoter controlling expression of the CAT gene. The "B" 
Fragment/promoter can be excised from this construct using PstI and Sail. 
Adapters will be ligated onto this molecule in order to convert the PstI 
overhang into a XmaHI overhang. This will be done using oligos Pstl-Xmalll 
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sense: 5' GGCCGGAAATAACCGCTGCA 3' (SEQ. ID NO:44), and Pstl- 
Xmaffl antisense: 5' GCGGTTATTTCC 3' (SEQ ID. NO:45). The Sail 
overhang will be converted into a Ncol overhang using oligos SaU-Ncol sense 
5' CTGAGGAAATAACCGC 3' (SEQ ID NO:46), and SaU-Ncol antisense 5' 
CATGGCGGTTATTTCC 3' (SEQ ID NO:47). These adapters will be 
annealed together, and then ligated onto the Chick Collagen X promoter 
molecule. The adapter modified Chick Collagen X promoter will then be 
inserted into the XmalH and Ncol sites of pTH-1 . 
[0747J Chicken Collagen-X -Luciferase. The B640-Luciferase was 
constructed by insertion of the 1610bp. upstream "B" fragment and promoter 
of Chick Collagen X into the Spel and Sail sites of pRLnull (Promega). In this 
vector the Chick Collagen X "B" Fragment/promoter controls expression of 
the luciferase gene. Construction of this vector has been described (Volk, 
S.W., et at, J. BoneMin. Res. 73:1521-1529 (1998)). 
[0748] All of the elements required to apply the methods of this invention to 
detect and isolate genes that regulate differentiation of chondrocytes and 
osteoblasts are available: (i) Precursor cells, C3H10T1/2, can be induced to 
differentiate into either chondrocytes or osteoblasts by addition of well- 
defined soluble factors, BMP-2 under high density culture conditions for 
chondrocytes and TGFb for osteoblasts; (ii) tissue-specific markers of 
differentiation are known, type X collagen for chondrocytes and osteocalcin 
for osteoblasts, whose promoters have been isolated and can be employed for 
construction of differentiation sensitive suicide or other reporter gene (e.g. 
indicator gene) constructs; (iii) representative vaccinia cDNA libraries in 
either the sense or antisense orientation can be constructed from precursors of 
chondrocytes and osteoblasts such as C3H10T1/2 that are either 
undifferentiated or have been induced to differentiate by specific factors. To 
screen for genes that encode positive or negative regulators that act in 
paracrine fashion, cDMA vaccinia libraries can be constructed from total bone 
' marrow or enriched stromal or lymphoid cells. Employing these reagents, all 
of the same strategies previously described to detect and isolate genes that 
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regulate osteoclast differentiation can be applied to chondrocyte and osteoblast 
differentiation. Some issues of special interest in this situation include 
whether differentiated osteoblasts express factors that inhibit differentiation to 
chondrocytes and vice versa. Examples of positive regulators of 
differentiation that could have been isolated through this method include 
CBFA1 (Mundlos, S. et al, Cell 89:773 (1997); Otto, F. et al, Cell 89:765 
(1997); lnada, M. et al., Dev Dyn 214:279 (1999)); Ihh, indian hedgehog 
signaling (Vortkamp, A. et al., Science 273:613 (1996); St-Jacques, B.et al., 
Genes Dev 13:2072 (1999)); and PTHrP, parathyroid hormone-related peptide 
(Lanske, B. et al., J Clin Invest 104:399 (1999); Karaplis, A. C. et al, Genes 
Dev 5:277 (1994)). 

| Human differentiation factors and stem cells. The C3H10T1/2 
precursor to osteoblasts and chondrocytes and the previously described RAW 
precursor to osteoclasts are of murine origin. Although the gene products 
identified through use of these cell lines will also be of murine origin, there 
are strong and numerous precedents for homology between factors that 
regulate differentiation of homologous tisues in mice and humans. In general, 
the murine genes isolated can be used to isolate human homologs which can 
then be tested for the ability to regulate differentiation of the corresponding 
human stem cells, m an increasing number of instances human stem cells are 
becoming available. In particular several human stem cell lines have been 
recently isolated by SV40 transformation from both embryonic cartilage and 
adult cartilage, Moulton, P.J., et al, British Journal of Rheumatology. 
36(5):522-529 (1997); Goldring, MJ3. and Berenbaum, F., Osteoarthritis & 
Cartilage. 7(4):386-388 (1999). These cell lines will have to be induced to 
express type X collagen. It is expected that they will provide suitable human 
material to directly detect and isolate human genes that regulate chondrocyte 
and osteoblast differentiation. 
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EXAMPLE 8 
Preparation of cDNA and Transfer Plasmid 

[0750] Isolation of Total RNA. Several commercial vendors, including 

Qiagen and Eppendorf, provide the reagents and materials necessary for the 
isolation of total RNA from tissue and cells grown in culture. Cells grown in 
monolayer cultures are harvested directly from culture flasks using a lysis 
solution that contains guanidine isothiocyanate (GITC) and beta- 
mercaptoethanol (B-ME). Following lysis, efhanol is added and the RNA is 
isolated by binding of the lysed sample to a silica gel based membrane 
(Qiagen), or to an RNA Binding Matrix (Eppendorf). The bound RNA is 
washed, and high quality RNA is eluted in water. 

[0751] Isolation of mRNA. Oligo (dT>25 chains covalently coupled to 

magnetic beads (Dynal) are used to select Poly A+ mRNA from total RNA. 
Briefly, total RNA is hybridized with the dT beads in lOmM Tris-HCL, pH 
7.5, 0.5M LiCU 1 mM EDTA. Following binding the beads and bound mRNA 
are isolated using a magnet, washed with lOmM Tris-HCl pH 8, 0.1 5M LiCl, 
ImM EDTA, and the mRNA is eluted with water. 

[0752] cDNA Synthesis. Double stranded cDNA is synthesized from the 

mRNA isolated above using a variant of the protocol originally described by 
Gubler and Hoffinan, Gene 25:263 (1983). 

[0753] First Strand. Up to 5 micrograms of mRNA can be converted to cDNA 

using either a dTi5 primer or random heptamer primers. In either case the 
primer is modified at its 5 * end to include the recognition sequence for a 
restriction endonuclease such as Sail. The mRNA is incubated with the 
primer at 70oc for 10 minutes, chilled on ice, 4jxl 5X First Strand Buffer 
(250mM Tris-HCl pH 8.3, 375 mM KO, 15mM MgCl 2 )> ljxl 0.1M DTT, 1^1 
lOmM dNTP mix and a RNaseH deficient Moloney Murine Leukemia Virus 
(M-MLV) Reverse Transcriptase (RT) (Superscript n, Life Technologies) is 
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added to a final volume of 20 microliters. The first strand reaction is allowed 
to proceed for 1 hour at 37°C. The reaction is terminated by placement on ice. 

[0754] Second Strand. 91 *il water, 30 nl second strand buffer (lOOmM Tris- 

HC1 pH 6.9, 450 mM KC1, 23 mM MgCl 2 , 0.75 mM beta-NAD+, 50mM 
(NH4) 2 S04), 3 |il lOmM dNTP mix, 10 units E. coli DNA Ligase, 40 units E. 
coli DNA Polymerase I, and 2 units E. coli RNase H are added to the first 
strand reaction to give a final volume of 150 The second stand reaction is 
incubated at 16°C for 2 hours, after which 10 units of T4 DNA Polymerase is 
added, and incubated at 16°C for another 10 minutes. The reaction is halted 
by the addition of 10 pi 0.5M EDTA. The cDNA is purified by extraction 
with phenol:chloroform:isoamyl alcohol (25:24:1), followed by precipitation 
with ethanol and salt (NaCl, NaOAc, or NH4OAC). 

[0755] Modification of cDNA for Ligation. The cDNA may be modified for 

ligation into the transfer vectors by either of 2 methods. 

[07561 Method 1. The cDNA is phosphorlyated using T4 Polynucleotide 

Kinase (PNK) and ATP. The cDNA is then digested with the restriction 
endonuclease whose recognition sequence was built into the cDNA synthesis 
primer. For example, Sail can be used. cDNA modified with this procedure 
will be blunt ended at it's 5' end, and will have a Sail overhang at it's 3' end. 

[07571 Method 2. A phosphorylated adapter containing for example, a BamHI 

overhang, is ligated onto the cDNA using T4 DNA Ligase and an overnight 
incubation at 14°C. Following ligation the cDNA is digested with Sail. This 
cDNA will contain a BamHI overhang at if s 5' end, and a Sail overhang at 
it's3'end. 

[0758] Size Selection. Small molecular weight cDNAs (<600bp) may be 

removed prior to cloning by size selection. Methods of size selection include 
size exclusion column chromatography, or separation through an agarose gel. 
In the latter method, the cDNA is resolved by electrophoresis through a 0.8% 
agarose / Tris Boric Acid EDTA (TBE) gel. cDNA smaller than 600bp is 
removed by excising the portion of the gel that contains this small cDNA, the 
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gel is then run in reverse to concentrate the cDNA, which is then excised and 
purified from the agarose using methods that are well known in the art 

[0759] Preparation of Transfer Vector. The transfer vectors may be prepared 

for cloning by known means. A preferred method involves cutting 1-5 
micrograms of vector with the appropriate restriction endonucleases (for 
example Smal and Sail or BamHI and Sail) in the appropriate buffers, at the 
appropriate temperatures for at least 2 hours. Linear digested vector is 
isolated by electorphoresis of the digested vector through a 0.8% agarose gel. 
The linear plasmid is excised from the gel and purified from agarose using 
methods that are well known. 

[0760] Ligation. The cDNA and digested transfer vector are ligated together 

using well known methods. In a preferred method 50-1 OOng of transfer vector 
is ligated with varying concentrations of cDNA using T4 DNA Ligase, using 
the appropriate buffer, at 14°C for 18 to 24 hours. 

[0761] Transformation. Aliquots of the ligation reactions are transformed by 

electroporation into E. coli bacteria such as DH10B or DH5 alpha using 
methods that are well known. The transformation reactions are plated onto LB 
agar plates containing a selective antibiotic, (ampicillin) and grown for 14-18 
hours at 37 °C. All of the transformed bacteria are pooled together, and 
plasmid DNA is isolated using well known methods. 

[0762] Preparation of buffers mentioned in the above description of preferred 

methods according to the present invention will be evident to those of skill. 

EXAMPLE 9 

Introduction of Vaccinia Virus DNA Fragments and Transfer DNA into Tissue 
Culture Cells for Trimolecular Recombination 

[0763] A cDNA or other library is constructed in the 4 transfer plasmids as 

described in Example 2, or by other art-known techniques. Trimolecular 
recombination is employed to transfer this cDNA library into vaccinia virus. 
Confluent monolayers of BSC1 cells are infected with fowlpox virus HP1 at a 
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moi of 1-1.5. Infection is done in serum free media supplemented with 0.1% 
Bovine Serum Albumin. The BSC1 cells may be in 12 well or 6 well plates, 
60 mm or 100mm tissue culture plates, or 25cm 2 , 75 cm 2 , or 150 cm 2 flasks. 
Purified DNA from v7.5/tk or vEL/tk is digested with restriction 
endonucleases Apal and Notl. Following these digestions the enzymes are 
heat inactivated, and the digested vaccinia arms are purified using a centricon 
100 column. Transfection complexes are then formed between the digested 
vaccinia DNA and the transfer plasmid cDNA library. A preferred method 
uses Lipofectamine or Lipofectamine Plus (life Technologies, Inc.) to form 
these transfection complexes. Transfections in 12 well plates usually require 
0.5 micrograms of digested vaccinia DNA and lOng to 200 ng of plasmid 
DNA from the literary. Transfection into cells in larger culture vessels requires 
a proportional increase in the amounts of vaccinia DNA and transfer plasmid. 
Following a two hour infection at 37°C the fowlpox is removed, and the 
vaccinia DNA, transfer plasmid transfection complexes are added. The cells 
are incubated with the transfection complexes for 3 to 5 hours, after which the 
transfection complexes are removed and replaced with 1 ml DMEM 
supplemented with 2.5% Fetal Bovine Serum. Cells are incubated in a CO2 

incubated at 37°C for 3 days. After 3 days the cells are harvested, and virus is 
released by three cycles of freeze/thaw in dry ice/ isopropanol / 37°C water 
bath. 

EXAMPLE 10 

Transfection of Mammalian Cells 

4] This example describes alternative methods to transfect cells with 

vaccinia DNA and transfer plasmid. Trimolecular recombination can be 
performed by transfection of digested vaccinia DNA and transfer plasmid into 
host cells using for example, calcium-phosphate precipitation (Graham, F.L., 
and Van der Eb, A.J., Virology 52:456-467 (1973), Chen, C, and Okayama, 
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H., Mol Cell Biol 75745-2752 (1987)), DEAE-Dextran (D J. Sussman, D.J., 
and Milman, G., Mol Cell Biol 4: 1641-1643 (1984)), or electroporation 
(Wong, T.K., and Neumann, E., Biochem. Biophys. Res. Commun. i07:584- 
587 (1982);. Neumann, E., et al t EMBOJ. 1: 841-845 (1982)). 

EXAMPLE 11 

Direct selection for binding partners using two hybrid system and suicide gene 

constuct 

[0765] The two hybrid system is based on the fact that many eucaryotic 

transcriptional activators are comprised of two physically and functionally 
separable domains, a DNA-binding domain (DNA-BP) and an activation 
domain (AD). The two domains are normally part of the same protein. 
However, the two domains can be separated and expressed as distinct proteins. 
Two additional proteins (X and Y) are expressed as fusions to the DNA-BP 
and AD peptides. If X and Y interact, the AD is co-localized to the DNA-BP 
bound to the promoter, resulting in the transcription of the suicide gene. 

[0766] The following is an example of the two hybrid transcriptional 

activation direct selection system. This system is composed of two fusion 
polynucleotides, one of which may be expressed by a tissue- or cell- or 
differentiation- specific promoter or a constitutive promoter and the second is 
found in a poxvirus vector: 

1) a fusion of known protein X with the GAL4 DNA-BP; 

2) a fusion of a test protein Y with the VP16 activation domain; 

where protein X and Y interact (for example, the SV40 large T antigen which 
associates with the p53 piptein). A third construct provides the GAL4 DNA 
binding site, the minimal promoter of the adenovirus Elb, and the suicide 
gene. 

[0767] ES, or any readily transected cells such as Cos 7 or 293 cells, are 

"seeded" with the first and third constructs either before or after infection with 
a library cloned in a poxvirus or other vector. The constructs preferably also 
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contain a selectable marker such as PGK neo. The poxvirus vector contains 
insert polynucleotides fused to the VP16 activation domain preceded by a 
strong constitutive poxvirus promoter. The inserts may be in each reading 
frame. The ES cells are cultured and nonviable cells are removed from 
viable/adherent cells. 

[0768] Examples of protein binding partners that would be identified using 

this method are as follows: 

1) the GAL4 DNA binding domain fused to the Fos leucine zipper 
domain (DFosLZ), and 

2) the VP16 activation domain fused to the Jun leucine zipper 
(AJunLZ); or 

1) the GAL4 DNA binding domain fused to the Jun leucine zipper 
domain (DJunLZ), and 

2) the VP16 activation domain fused to the Fos leucine zipper (AFosLZ). 
[0769] The construction of these fusions have been previously described in 

Dang et al, Molecular and Cellular Biology 77:954-962 (1991), and 
components to create the vectors of this system (except leucine zipper 
components) may be obtained from Clontecb-Mammalian Matchmaker™ two 
hybrid assay kit. 

[0770] An example of a gene system whose expression is dependent on the 

presence of two interacting fusion proteins is the G5Elb promoter, which 
contains 5 copies of the 17 mer GAL4 DNA binding site 5' of the minimal 
promoter of the Adenovirus Elb, driving the expression of a CAT reporter 
gene (e.g. indicator gene). For a direct selection method, the CAT gene is 
replaced by a suicide gene. Alternatively, the CAT gene or other maker is 
used in an indirect selection method such as a screening method. 
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EXAMPLE 12 

Genetic Recombination-Dependent Suicide Gene 

[0771J This system makes use of a recipient cell containing a stuffer DNA 

fragment flanked by lox sites preceding a suicide gene. See Lasko, et aL, 
Proc. Natl Acad. ScL USA SP:6232-6236 (1992), for description of a vector 
containing a stuffer DNA fragment flanked by lox sites preceding a reporter 
gene (e.g. indicator gene). The expression of the suicide gene is dependent on 
the removal of the stuffer DNA sequence mediated by the Cre recombinase 
enzyme through site directed recombination of lox sites found flanking the 
stuffer DNA. The Cre gene is under transcriptional control of a differentially 
expressed gene. Cells that are induced by a target polynucleotide to undergo 
differentiation express Cre, which removes the stuffer DNA fragment from the 
suicide gene contruct, allowing the suicide gene to be expressed and the target 
polynucleotide to be selected. 

EXAMPLE 13 

Analysis of Isolated Target Polynucleotides and Isolation of Full-Length 

cDNA 

[0772] DNA sequencing, DNA or RNA blotting, immunoprecipitation, 

immuno-blotting, and other methods of analyzing insert DNA isolated 
according to the methods of the present invention, and encoded products 
thereof, may be carried out by any convenient methods known to those of 
skill. For example, the immunoprecipitation protocol of Clark et aL, 
Leukocyte Typing II, Vol. II, pp. 155-167 (1986), is one preferred method. 
Southern, Northern, or other blot analysis methods known to those of skill 
may be employed, using hybridization probes prepared by known methods, 
such as that of Hu et aL, Gene 75:271-277 (1982)). DNA sequencing also may 
be accomplished by known methods, including the dideoxynucleotide method 
of Sanger et aL, Proc. NatL Acad. Sci. (USA) 74:5463-5467 (1977). 
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[0773] Selection of Full Length cDNA. This section presents methods for 

facilitating selection of corresponding full length cDNAs from fragments of 
differentially expressed genes or other target polynucleotides identified by 
methods of the invention. A single stranded biotinylated probe is synthesized 
from isolated cDNA fragments and is used to select the longer cDNA that 
contain a complementary sequence by solution hybridization to single 
stranded circles rescued from a phagemid tumor cDNA library. This method 
is especially well-suited to the use of DNA fragments isolated by the modified 
differential display method employing two arbitrary primers. The same 
arbitrary primers employed for PCR amplification of a given fragment in 
differential display can be modified to generate a single stranded hybridization 
probe from that fragment. This avoids the need to sequence, select and 
synthesize a new pair of fragment specific primers for each new fragment of 
interest. 

[0774] (i)The two oligonucleotides of a pair of PCR primers employed in 

differential display are modified: (biotin-dT>dT- (biotin-dT) is incorporated at 
the 5' end of one primer and a phosphate is incorporated at the 5' end of the 
second primer. These modified primers are incorporated by PCR into the two 
strands of a differential display fragment that, was selected following the 
original PCR amplification with the same unmodified arbitrary primers. From 
this double stranded PCR product, the strand labelled with a 5' phosphate is 
digested with X exonuclease to generate a single stranded biotin-labeled probe. 
[0775] (ii)Single stranded (ss) DNA circles are rescued from a phagemid 

cDNA library using the M13K07 packaging defective phage as helper virus. 
' This library is constructed in the pcDNA3.1/Zeo(+) phagemid (Invitrogen, 
Carlsbad, CA) with insertion of (ApaI)oligo-dT primed cDNA between the 
Apa I and Eco RV restriction sites. A key manipulation to achieve the 
efficient ligation necessary for construction of a high titer cDNA library is to 
insure that cDNA inserts are 5' phosphorylated by treating with T4 
polynucleotide kinase prior to ligation. The biotin-labeled single stranded 
probe generated from the differential display fragment is hybridized in 
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solution to the ssDNA circles of the phagemid library. The biotin-labeled 
hybridization complexes can then be separated from unrelated ssDNA on 
streptavidin magnetic beads and the ss circles eluted for further analysis 
(FIG. 18). 

[0776] As a test of this enrichment method, a model plasmid mix was 
prepared that included 1% of a specific arbitrarily selected recombinant clone, 
3f IAP. A biotinylated ss-probe was prepared from the 3f RDA fragment and 
used to select single stranded phagemid circles from the 1% plasmid mix. 
Following elution from streptavidin beads, the single stranded circles were 
hybridized to a sequence specific oligonucleotide in order to prime synthesis 
of the second plasmid strand prior to bacterial transformation. Plasmid DNA 
was prepared from 63 transformed colonies. 63 of 63 of these plasmid 
preparations expressed the target 3F IAP insert This method therefore 
appears to be very efficient. 

[0777] The same method appears to work with similar efficiency in the more 

stringent case of a differential display fragment (B4) representing a previously 
unidentified sequence that is expressed in all four murine tumors at a 
concentration approximately 10 fole greater than in the non-tumorigenic 
parental cells. 5 out of 5 transfonnants randomly picked following selection 
of single strand circles with the 200 bp B4 DNA fragment had longer inserts 
that were positive by PCR with sequence specific primers. This method 
therefore appears to be very efficient. 

EXAMPLE 14 
Antibodies 

[0778] Standard reference works setting forth general principles of 

immunology include Current Protocols in Immunology, John Wiley & Sons, 
New York; Klein, J., Immunology: The Science of Self-Nonself 
Discrimination, John Wiley & Sons, New York (1982); Kennett, R., et al, 
eds. y Monoclonal Antibodies, Hybridoma: A New Dimension in Biological 
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Analyses, Plenum Press, New York (1980); Campbell, A., "Monoclonal 
Antibody Technology" in Burden, R., et al, eds., Laboratory Techniques in 
Biochemistry and Molecular Biology, Vol. 13, Elsevere, Amsterdam (1984). 
[0779] Host cells comprising recombinant vaccinia virus or other recombinant 

vector are contacted with antibody specific for an epitope of interest Target 
epitopes expressed on the cell surface form complexes with the antibodies. 
The antibody may be conjugated to or bound to or associated with a toxic 
agent, and thereby cause the target cells to become nonviable, or nonadherent. 
Alternatively, the antibody is labeled and FACS is used to separate cells or 
complement-dependent cytotoxicity (CDC) or antibody-dependent cellular 
cytotocity (ADCQ is used to select target polynucleotides. See U.S. Pat No. 
5,500,362 for ADCC and CDC assays. Such assays may be modified for use 
in the present selection method by, for example, omitting the 51 Cr labeling of 
cells, as will be apparent to one of ordinary skill in the art. See, e.g. Hellstrom 
et al, Proc. Natl. Acad. Sri. USA 52:1499-1502 (1985). 
[0780] Cells which bind target antigen-specific antibody are lysed or 

otherwise become nonviable or nonadherent or are sorted via one of the 
techniques described above, otherwise disclosed herein or known in the art. 
Nonadherent cells or recombinant vector DNA are separated from the adherent 
cells which do not express the target antigen. 
[0781] The initial rounds of selection may employ a panel of antibodies 
directed against an epitope or group of epitopes common to the family of 
antigens to which the target antigen belongs. This will be sufficient to narrow 
the number of clones for future rounds. Two such rounds may be adequate, 
but the number of rounds may vary as mentioned above. Alternatively, a 
single round of selection may be performed employing a single first antibody 
or a group of first antibodies recognizing only the target antigen. 
[0782] Antibodies generated against a target epitope can be obtained by direct 

injection of the epitope or polypeptide into an animal or by adniinistering the 
polypeptides to an animal, preferably a nonhuman. The antibody so obtained 
will then bind the polypeptide itself In mis manner, even a sequence 
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encoding only a fragment of the polypeptide can be used to generate 
antibodies binding the whole native polypeptide. Such antibodies can then be 
used to isolate the polynucleotide encoding the polypeptide from an 
expression library using the method of the present invention. 
[0783] For preparation of monoclonal antibodies, any technique which 

provides antibodies produced by continuous cell line cultures can be used. 
Examples include the hybridoma technique (Kohler and Milstein, Nature 
255:495-497 (1975)), the trioma technique, the human B-cell hybridoma 
technique (Kozbor et al, Immunology Today 4:72 (1983)), and the EBV- 
hybridoma technique to produce human monoclonal antibodies (Cole, et al y in 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985), pp. 
77-96). 

[0784] Techniques described for the production of single chain antibodies 

(U.S. Patent 4,946,778) can be adapted to produce single chain antibodies to 
immunogenic polypeptide products of interest. 
[0785] Antibodies useful in the present invention may also be obtained from a 

patient, preferably a mammalian patient such as a small or large animal, 
including dogs, cats, horses, birds, monkeys, ferrets, gerbils, hamsters, rats, 
mice, goats, cows, donkeys, etc., preferably a human patient Antibodies may 
be obtained from a patient sample such as a tissue sample or fluid sample, 
preferably a serum sample. Antibodies may be obtained from a patient having 
a disease, recovering from a disease, or recovered from a disease. For 
example, such diseases include an infectious disease, an infection, a cancer, an 
autoimmune disease and a degenerative disease, or any disease as disclosed 
herein or otherwise known in the art. 
[0786] Infectious agents causing infectious diseases and infections include 

those described herein or otherwise known in the art. Alternatively, antibody 
may be obtained from pooled patient samples. 
[0787] The antibodies useful in the present invention may be prepared by any 

of a variety of methods. For example, cells expressing the target protein or an 
antigenic fragment thereof can be administered to an animal in order to induce 
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the production of sera containing polyclonal antibodies. In another method, a 
preparation of target protein is prepared and purified to render it substantially 
free of natural contaminants. Such a preparation is then introduced into an 
animal in order to produce polyclonal antisera of greater specific activity. 

[0788] In a highly preferred method, antibodies useful in the present invention 

are monoclonal antibodies (or target protein-binding fragments thereof). Such 
monoclonal antibodies can be prepared using hybridoma technology (Kohler 
et al, Nature 256:495 (1975); Kohler et al t Eur. J. Immunol 6:511 (1976); 
Kohler et al, Eur. J. Immunol 6:292 (1976); Hammerling et al 9 in 
Monoclonal Antibodies and T-Cett Hybridomas, Elsevier, N.Y. (1981), 
pp. 563-681). In general, such procedures involve immunizing an animal 
(preferably a mouse) with an target protein antigen or, more preferably, with a 
target protein-expressing cell. Suitable cells can be recognized by their 
capacity to bind an anti-target protein antibody. Such cells may be cultured in 
any suitable tissue culture medium; however, it is preferable to culture cells in 
Earle ! s modified Eagle's medium supplemented with 10% fetal bovine serum 
(inactivated at about 56°C), and supplemented with about 10 g/1 of 
nonessential amino acids, about 1,000 U/ml of penicillin, and about 100 g/ml 
of streptomycin. The splenocytes of immunized mice are extracted and fused 
with a suitable myeloma cell line. Any suitable myeloma cell line may be 
employed in accordance with the present invention; however, it is preferable 
to employ the parent myeloma cell line (SP20), available from the American 
Type Culture Collection, Mannassas, VA. After fusion, the resulting 
hybridoma cells are selectively maintained in HAT medium, and then cloned 
by limiting dilution as described by Wands et al, Gastroenterology 
80:225-232 (1981). The hybridoma cells obtained through such a selection are 
then assayed to identify clones which secrete antibodies capable of binding the 
target protein antigen. 

[0789] Alternatively, additional antibodies capable of binding to the target 

protein antigen may be produced in a two-step procedure through the use of 
anti-idiotypic antibodies. Such a method makes use of the fact that antibodies 
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are themselves antigens, and that, therefore, it is possible to obtain an antibody 
which binds to a second antibody. In accordance with this method, 
target-protein specific antibodies are used to immunize an animal, preferably a 
mouse. The splenocytes of such an animal are then used to produce 
hybridoma cells, and the hybridoma cells are screened to identify clones which 
produce an antibody whose ability to bind to the target protein r specific 
antibody can be blocked by the target protein antigen. Such antibodies 
comprise anti-idiotypic antibodies to the target protein-specific antibody and 
can be used to immunize an animal to induce formation of further target 
protein-specific antibodies. 
[07901 It will be appreciated that Fab and F(ab02 and other fragments of the 

antibodies of the present invention may be used according to the methods 
disclosed herein. Such fragments are typically produced by proteolytic 
cleavage, using enzymes.such as papain (to produce Fab fragments) or pepsin 
(to produce F(ab f >2 fragments). Alternatively, target protein-binding fragments 
can be produced through the application of recombinant DNA technology or 
through synthetic chemistry. 
[07911 ^ a preferred embodiment, the antibody or antibody fragment is 
conjugated with a toxic agent which kills cells that express a target protein. 
Toxic agents useful in the invention include toxins (e.g. an enzymatically 
active toxin of bacterial, fungal, plant or animal origin, or fragments thereof). 
Examples of suitable toxins include diphtheria toxin, ricin, and cholera toxin. 
[0792] Enzymatically active toxins and fragments thereof which can be used 

include diphtheria A chain, nonbinding active fragments of diphtheria toxin, 
exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A 
chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin 
proteins, Phytolaca americana proteins (PAPI, PAPII and PAP-S), momordica 
charantia inhibitor, curin, crotin, sapaonaria officinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. Further 
suitable labels for the target protein-specific antibodies of the present 
invention are provided below. Examples of suitable enzyme labels include 
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malate dehydrogenase, staphylococcal nuclease, delta-5-steroid isomerase, 
yeast-alcohol dehydrogenase, alpha-glycerol phosphate dehydrogenase, triose 
phosphate isomerase, peroxidase, alkaline phosphatase, asparaginase, glucose 
oxidase, beta-galactosidase, ribonuclease, urease, catalase, 
glucose-6-phosphate dehydrogenase, glucoamylase, and acetylcholine 
esterase. 

[0793] Examples of suitable radioisotopic labels include 3 H, m In, 125 I, 131 I, 

32 P, 35 S, 14 C, 51 Cr, 57 To, 58 Co, 59 Fe, 75 Se, 152 Eu, 9(> Y, 67 Cu, 217 Ci, 2n At, 2l2 Pb, 
47 Sc, 109 Pd,etc. 

[0794] Examples of suitable non-radioactive isotopic labels include I57 Gd, 

55 Mn, l62 Dy, 52 Tr,and 56 Fe. 
[0795] Examples of suitable fluorescent labels include an 152 Eu label, a 

fluorescein label, an isothiocyanate label, a rhodamine label, a phycoerythrin 
label, a phycocyanin label, an aflophycocyanin label, an o-phthaldehyde label, 
and a fluorescamine label. 
[0796] Examples of chemiluminescent labels include a luminal label, an 

isoluminal label, an aromatic acridinium ester label, an imidazole label, an 
acridinium salt label, an oxalate ester label, a luciferin label, a luciferase label, 
and an aequorin label. 
[0797] Examples of nuclear magnetic resonance contrasting agents include 

heavy metal nuclei such as Gd, Mn, and iron. 
[0798] Typical techniques for binding the above-described labels to antibodies 

are provided by Kennedy et al t Clin. Chim. Acta 70:1-31 (1976), and Schurs 
etaUCliru Chim. Acta 81:1-40 (1977). Coupling techniques mentioned in the 
latter are the glutaraldehyde method, the periodate method, the dimaleimide 
method, the m-maleimidobenzyl-N-ty^ ester method, all of 

which methods are incorporated by reference herein. 
[0799] Conjugates of the antibody and cytotoxic agent are . made using a 

variety of bifunctional protein coupling agents such as N-succinimidyl-3-(2- 
pyridyldithiol) proprionate (SPDP), iminothiolane (IT), bifunctional 
derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters 
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(such as disuccinimidyl suberate), aldehydes (such as dimethyl adipimidate 
HCL), active esters (such as (ttsuoainmidyl suberate), aldehydes (such as 
glutaraldehyde), bis-azido compounds (such as bis-p-(azidobenzoyl) 
hexanediamine), bis-diazonium derivatives (such as bis-p(diazoniumbenzoyl)- 
ethylenediamine), diisocyantes (such as toluene 2,6-diisocyanate), and bis- 
active fluorine compounds (such as l,5-difmoro-2,4-<linitrobenzene). For 
example, a ricin immunotoxin can be prepared as described in Vitetta et al., 
Science 238: 1098 (1987). Carbon-14 labeled l-isothiocyanatobenzyl-3- 
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary 
chelating agent for conjugation of radionucleotide to the antibody. See 
WO94/11026. 

[0800] Antibodies may be delivered intracellularly for use in the methods of 

the invention. Several methods for delivering antibodies intracellularly have 
been developed. These methods include hypertonic shock/pinocytic delivery 
vesicle methods (Morris, M.C., et al. (2001) Nat.Biotechnol. 19, 1173-1176), 
HTV-TAT delivery methods (Becker-Hapak, M., et al., (2001) Methods 24, 
247-256), and peptide or lipid-based delivery methods (Okada, C.Y. and 
Rechsteiner, M. (1982) Cell 29, 33-41). 

[0801] Hypertonic shock/pinocytic vesicle delivery methods utilize osmotic 

lysis (Morris, M.C., et al. (2001) NatBiotechnol. 19, 1173-1176). Briefly, the 
antibody to be delivered is mixed with hypertonic media containing 
polyethylene glycol and sucrose to allow the formation of pinocytic vesicles 
(Molecular Probes, Eugene, OR). When this media is applied to the cells, the 
antibody-containing pinosomes enter the cytosol. Once the cells are placed 
back into more hypotonic tissue culture medium, vesicles in the cytosol burst, 
delivering their antibody cargo into the cytoplasm. 

[0802] HIV tat-mediated delivery methods utilize the transduction domain of 

HTV-TAT protein (Becker-Hapak, M., et al, (2001) Methods 24, 247-256). 
First, HIV-TAT is cloned in-frame into the expression construct. Next, Ig 
variable gene cDNAs encoding regions conferring specificity to the reporter 
gene are cloned into a eukaryotic expression vector which contains a constant 
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Ig region gene and has specifically been, designed for the production of human 
monoclonal antibodies (data not shown). Some of the major benefits of this 
system include a quick and easy transduction of proteins independently of size 
or function into any type of cells including cells untransducible by the 
commonly used methods, such as bone marrow progenitors and osteoclasts 
(Abu-Amer, Y., et al., J. Biol. Chem. 276:30499-30503 (2001)). Also, when 
the system is used to deliver antibody, protein transduction is a concentration- 
dependent process and any unbound HIV-TAT-antibody fusion protein is 
expected to diffuse out of the cell during the wash (Nagahara, et al (1998) 
Nat. Med. 4, 1449-1452). 
[0803] Peptide-based delivery methods employ a short amphipathic peptide 

carrier, Pep-1 (Okada, GY. and Rechsteiner, M. (1982) Cell 29, 33-41). This 
peptide forms stable complexes with proteins to be delivered through 
noncovalent hydrophobic interactions which are independent of a specific 
peptidyl sequence. This method has been shown to safely and efficiently 
deliver biologically active proteins and fully intact antibodies (e.g. anti-P- 
actin). A related strategy is to couple a lipid moiety or lipopeptide to 
antibodies to facilitate transfer across extracellular and intracellular 
membranes. 

EXAMPLE 15 

Induction of Cytotoxic T Cells Specific for Human Tumors in HLA 
and Human CD8 Transgenic Mice 

10804] In this example, HLA and human CD8 transgenic mice were tolerized 

with a non-tumorigenic, immortalized normal human cell line , i.e., parent cell 
line, that does not express costimulator activity for murine T cell. After 
tolerization, the mice were subsequently immunized with B7 (costimulator) 
transfected tumor cells derived from the parent cell line by in vitro 
mutagenesis or oncogene transformation. The HLA transgene permits 
selection of a high affinity, HLA- restricted T cell repertoire in the mouse 
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thymus. In addition, a human CD8 transgene is required because murine CD8 
does not interact efficiently with human class I MHC. Subsequent to 
immunization with B7 transfected tumor cells, splenic CD8+ T cells are 
isolated and stimulated again in vitro in the absence of costimulation with non- 
tumorigenic, immortalized human cells. Two pathways of tolerance induction 
for antigens shared by the tumorigenic and non-tumorigenic cell lines may be 
activated through these manipulations. As known to those skilled in the art, 
antigen exposure in very young mice favors tolerance induction by 
mechanisms that may include both clonal deletion and induction of T cell 
anergy. Further, restimulation of activated T cells through their antigen- 
specific receptors in the absence of costimulator activity induces apoptotic 
elimination of those T cells. This immunization regimen enriched for 
tumor-specific CTL that did not crossreact with the homologous normal cells. 

[0805] A series of tumor cell lines were used that were all derived from a 

single immortalized, non-tumorigenic cell line. The non-tumorigenic cells 
were used to induce tolerance to the large number of normal human proteins 
that are also expressed in tumor cells. Availability of a panel of tumors 
independently derived from the same normal cells by diverse carcinogens or 
oncogene transformation makes it possible to filter out antigenic changes that 
are carcinogen specific or that may arise by random genetic drift during in 
vitro propagation of a tumor cell line. 

[0806] Cytotoxic T cells specific for human bladder tumor cell lines were 

induced and isolated from (HLA-A2/K b x human CD8)Fi hybrid double 
transgenic mice that had been tolerized to the normal cell line from which the 
tumors derive. Neonatal mice were injected intraperitoneally with 5 x 10 6 
non-tumorigenic SV-HUC. Seven weeks later they were immunized with 5 x 
10 6 B7.1 transfected ppTll.B7 tumor cells. ppTll is one of several 
independent tumor cell lines derived from SV-HUC by in vitro carcinogenesis 
(Christian, et al, Cancer Res. 47:6066-6073 (1987); Pratt, et ah, Cancer Res. 
52:688-695 (1992); Bookland, et al 9 Cancer Res. 52:1606-1614 (1992)). One 
week after immunization, spleen was removed and a single cell suspension 
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prepared. CD8 positive T cell precursors were enriched on anti-Lyt-2 coated 
MACS (Magnetic cell sorting beads) as recommended by the manufacturer 
(Miltenyi Biotech, Sunnyvale, CA). 1.5 x 10 6 CD8 enriched T cells were then 
restimulated in vitro with 4 x 10 5 SV-HUC in 3 ml ofRPMI 1640 + 10% fetal 
bovine serum. The rationale is that any SV-HUC specific T cells that escape 
neonatal tolerance induction and are activated in vivo by stimulation with 
crossreactive determinants of ppTll.B7, might now be induced to undergo 
apoptosis by restimulation in vitro with costimulator activity negative SV- 
HUC cells. After 24 hours, T cells are again stimulated with ppTl 1.B7 in the 
presence of 2000 Units/ml of recombinant murine IL-6. On day 7 the cycle of 
SV-HUC stimulation followed 24 hours later by restimulation with ppTl 1.B7 
is repeated. This second round of stimulation with ppTl 1 ,B7 is carried out in 
the presence of 10 nanogram/ml recombinant murine IL-7 and 50 Units/ml 
recombinant murine IL-2. CTL activity is determined 5 days later by standard 
chromium release assay from labeled targets SV-HUC, ppTl 1.B7 and YAC-1, 
a cell line sensitive to non-specific killing by murine NK cells. The results in 
Table 13 show that CTL from ppTll.B7 immunized mice that were not 
previously tolerized to SV-HUC are equally reactive with SV-HUC and ppTl 1 
target cells. In contrast, following neonatal tolerization with SV-HUC, 
cytolytic T cells at an effector:target ratio of 5:1 are significantly more 
reactive with ppTHJB7 tumor cells than with SV-HUC. Note that B7 
costimulator activity is not required at the effector stage as similar results are 
obtained with B7 transfected or non-transfected target cells. 
[0807] Table 13: Tumor-specific response in (HLA-A2/K b x human CD8)F a 

hybrid transgenic mice neonatally tolerized with SV-HUC parental cells and 
then immunized with B7 costimulator transfected ppTll.B7 human bladder 
tumor cells. 
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TABLE 13 

Tolerogen:NoneSV-HUC 
ImniunogenippTl 1 .B7ppTl 1 .B7 



Target 


EffectorTarget Ratio 




5:1 


10:1 


2:1 


5:1 


SV-HUC 


29 


68 


14 


19 


ppT1137 


14 


70 


17 


51 


YAC-1 


6 


6 


nd 


3 



nd- not done 



[0808] The significance of this experimental protocol is that it offers a means 

of selecting murine, HLA-restricted cytolytic T cells specific for human 
epithelial tumor cells. As noted previously, it has proved exceedingly difficult 
to isolate such T cells directly from either patient PBL or tumor infiltrating 
lymphocytes of tumors other than melanoma and perhaps renal cell carcinoma 
In addition, this same strategy can be implemented in two stages. 
Differentially immunogenic molecules of the human tumor can first be 
identified employing tumor-specific CTL restricted to a variety of different 
animal MHC These antigens can subsequently be characterized in human 
subjects or transgenic mice for the ability to be processed and presented in 
association with different human HLA types. An advantage of this two stage 
approach is that numerous different MHC molecules are available in a variety 
of inbred strains and these can be employed to capture an equally broad range 
of tumor-specific immunogenic peptides in the initial screening. See also 
Example 25. 
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EXAMPLE 16 

Induction of Cytotoxic T Cells Specific for Target Antigens of Tumors or 

Infected Cells 

[0809] Human tumor-specific T cells have been induced in vitro by 

stimulation of PBL with autologous tumors or autologous antigen presenting 
cells pulsed with tumor lysates (van Der Bruggen, P. et al, Science 254:1643- 
1647 (1991); Yasumura, S., et al, Cancer Res. 53:1461-1468 (1993); 
Yasumura, S., et al, Int. J. Cancer 57:297-305 (1994); Simons, J.W. et al., 
Cancer Res. 57:1537-1546 (1997); Jacob, L. et al, Int. J. Cancer 77:325-332 
(1997); Chaux, P., et al, J. Immunol 7*3:2928-2936 (1999)). PBL have been 
derived from either patients deliberately immunized with tumor, with tumor 
modified to enhance its immunogenicity, or with tumor extracts, or patients 
whose only prior stimulation was in the natural course of disease. T cells with 
reactivity for infectious agents could be similarly derived by in vitro 
stimulation of T cells with autologous cells that have been either infected in 
vitro or were infected in vivo during the natural course of exposure to the 
infectious agent. The conditions described in Example 5 to promote 
stimulation of primary cytotoxic CD4+ T cell responses in the presence of IL- 
2, IFNg , anti-IL-4, IL-12 and IL-18 have also been determined to promote 
primary cytotoxic CD8+ T cell responses. CD4+ and CD8+ T cells or 
antibody selected under these or other conditions to be specific for either 
tumor cells or cells infected with either a virus, fungus or mycobacteria or T 
cells or antibodies specific for the target antigens of an autoimmune disease 
could be employed in the selection and screening methods of this invention to 
detect and isolate cDNA that encode these target antigens and that have been 
incorporated into a representative cDNA library using the methods of this 
invention. 

[0810] In spite of demonstrated success in the induction of human T cell 

responses in vitro against a number of antigens of tumors and infected cells, it 
is not certain that these represent the full repertoire of responses that might be 
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induced in vivo. Because safety considerations limit the possibilities of 
experimental immunization in people, there is a need for an alternative animal 
model to explore immune responses to human disease antigens. The major 
obstacle to developing such a model is that numerous molecules expressed in 
normal human cells are strongly immunogenic in other species. It is, 
therefore, be necessary to devise a means of inducing tolerance to normal 
human antigens in another species in order to reveal immune responses to any 
human disease-specific antigens. It is now recognized that activation of 
antigen-specific T lymphocytes requires two signals of which one involves 
presentation of a specific antigenic complex to the T cell antigen receptor and 
the second is an independent costimulator signal commonly mediated by 
interaction of the B7 family of molecules on the surface of the antigen 
presenting cell with the CD28 molecule on the T cell membrane. Delivery of 
an antigen-specific signal in the absence of a costimulator signal not only fails 
to induce T cell immunity but results in T cell unresponsiveness to subsequent 
stimulation (Lenschow, D J. et al., Ann. Rev. Immunol. 14:233-258 (1996)). 
Additional studies have revealed a key role for another pair of interactions 
between the CD40 molecule on the antigen presenting cell and CD40 ligand 
on the T cell. This interaction results in upregulation of the B7 costimulator 
molecules (Roy, M., et al, Eur. J. Immunol 25:596-603 (1995)). In the 
presence of anti-CD40 ligand antibody either in vivo or in vitro, the interaction 
with CD40 is blocked, B7 costimulator is not up regulated, and stimulation 
with a specific antigenic complex results in T cell tolerance rather than T cell 
immunity (Bluestone, J.A., et al, Immunol Rev. 765:5-12 (1998)). Various 
protocols to block either or both CD40/CD40 ligand interactions and B7/CD28 
interactions have been shown to effectively induce transplantation tolerance 
(Larsen, C. et al 9 Nature 35i:434-438 (1996); Kirk, et al, Nature Medicine 
5:686-693 (1999)). An example of the effect of anti-CD40 ligand antibody 
(anti-CD154) in blocking the reactivity of murine T cells to specific 
transplantation antigens is shown in FIG. 20. DBA/2 (H-2 d ) mice were 
immunized with 10 7 C57B1/6 (R-l*) spleen cells intraperitoneally and, in 
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addition, were injected with either saline or 0.5 mg monoclonal anti-CD40 
ligand antibody (MR1, anti-CD154, Phanningen 09021D) administered both 
at the time of immunization and two days later. On day 10 following 
immunization, spleen cells from these mice were removed and stimulated in 
vitro with either C57B1/6 or control allogeneic C3H (H-2 k ) spleen cells that 
had been irradiated (20 Gy). After 5 days in vitro stimulation, C57B1/6 and 
C3H specific cytolytic responses were assayed at various effector;target ratios 
by 51 Cr release assay from specific labeled targets, in this case, either C3H or 
C57B1/6 dendritic cells pulsed with syngeneic spleen cell lysates. The results 
in FIG. 20 show that significant cytotoxicity was induced against the control 
C3H alloantigens in both saline and anti-CD 154 treated mice whereas a 
cytotoxic response to C57B1/6 was induced in the saline treated mice but not 
the anti-CD154 treated mice. This demonstrates specific tolerance induction 
to the antigen employed for immune stimulation at the time CD4Q/CD40 
ligand interactions were blocked by anti-CD 154. 

[0811] A tolerization protocol similar to the above employing either anti- 

CD154 alone or a combination of anti-CD154 and anti-B7 or anti-CD28 could 
be employed to induce tolerance to normal human xenoantigens in mice prior 
to immunization with a human tumor. In some embodiments, the normal 
antigens would be expressed on immortalized normal cells derived from the 
same individual and tissue from which a tumor cell line is derived. In another 
embodiment, the normal and tumor antigens would derive from cell lysates of 
normal and tumor tissue of the same individual each lysate pulsed onto antigen 
presenting cells for presentation to syngeneic murine T cells both in vivo and 
in vitro. In a preferred embodiment, the tumors would derive by in vitro 
mutagenesis or oncogene transformation from an immortalized, contact- 
inhibited, anchorage-dependent, non-tumorigenic cell line so that very well- 
matched non-tumorigenic cells would be available for tolerance induction. 

[0812] An alternative to the tolerization protocols is depletion of T cells that 

are activated by normal antigens prior to immunization with tumor. Activated 
T cells transiently express CD69 and CD25 with peak expression between 24 
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and 48 hours post-stimulation. T cells expressing these markers following 
activation with normal cells or normal cell lysates can be depleted with anti- 
CD69 and anti-CD25 antibody coupled directly or indirectly to a matrix (e.g. 
solid surface) such as magnetic beads. Subsequent immunization of the 
remaining T cells with tumor cells or tumor cell lysates either in vitro or in 
vivo following adoptive transfer will preferentially give rise to a tumor- 
specific response. 

[0813] In some embodiments, the mice to be tolerized to normal human cells 

or lysates and subsequently immunized with tumor cells or lysates are any of a 
variety of commercially available inbred and outbred strains. Because murine 
T cells are restricted to recognize peptide antigens in association with murine 
MHC molecules which are not expressed by human cells, effective tolerization 
or stimulation requires either transfection of human cells with murine MHC 
molecules or re-presentation of human normal and tumor antigens by mouse 
antigen presenting cells. Dendritic cells are especially preferred as antigen 
presenting cells because of their ability to re-present antigenic peptides in both 
the class I and class II MHC pathways (Huang, et al, Science 264:961-965 
(1994); Inaba, et al, J. Exp. Med 176:1101 (1992); Inaba, et al, J. Exp. Med 
775:479-488 (1993)). In another embodiment, mice double transgenic for 
human HLA and human CD8 or CD4 are employed. The HLA transgene 
permits selection of a high affinity, HLA-restricted T cell repertoire in the 
mouse thymus. In addition, a human CD8 or CD4 transgene is required 
because murine CD8 and CD4 do not interact efficiently with the cognate 
human class I or class n MHC molecules. The use of non-transgenic mice to 
generate human tumor-specific T cells would lead to identification of any 
human tumor antigens that can be processed in association with murine MHC 
molecules. Since multiple murine strains with diverse MHC molecules are 
available, this could encompass a wide range of antigens. However, it would 
have to be separately determined by stimulation of human T cells with 
autologous antigen presenting cells whether these tumor-specific antigens also 
express peptides that can be processed and presented in association with 
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human HLA Such peptides may or may not overlap with those initially 
detected in association with murine MHC molecules but would derive from 
the same set of proteins. By employing HLA transgenic mice it is possible to 
more directly address the relevance of antigenic peptides to human MHC. 
There can, however, be no assurance that peptide processing will be identical 
in murine and human antigen presenting cells. It is essential, therefore, to 
confirm that HLA-restricted, human tumor antigen-specific T cells are indeed 
also crossreactive on human tumor cells. Finally, no matter how the issue of 
processing and presentation in association with human HLA is addressed, it 
must in all cases be determined whether human T cells are reactive to the 
identified antigens or whether they have been rendered tolerant, perhaps due to 
expression of the same or a related antigen in some other non-homologous 
normal tissue. Relevant information on this point can be obtained through in 
vitro stimulation of human T cell responses with the identified antigens or 
antigenic peptides presented by autologous antigen presenting cells. Ideally, it 
would be shown that patients with antigen positive tumors have an increased 
frequency of T cells reactive with the purported tumor-specific antigen. To 
demonstrate that the antigen-specific human T cells induced can be effective 
in eradicating tumors, the selected human T cells could be adoptively 
transferred into SCID mice bearing a human tumor xenograft as described by 
Renner, C. et al., Science 264:833-835 (1994). However, definitive evidence 
for clinical relevance would await the results of a human clinical trial. 
[0814] Conditions for in vitro stimulation of primary human T cell responses 

are described in Example 5 and are applicable to both CD4+ and CD8+ 
responses. The strategies described for induction of either human or murine T 
cell or antibody responses specific for human tumors are equally applicable to 
induction of T cell or antibody responses to target antigens of human cells 
infected with either a virus, fungus or mycobacteria* Indeed, in this case the 
same uninfected cell population affords an immediately available normal 
control population for tolerance induction and to confirm infectious 
specificity. 
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[08151 The construction of transgenic mice is well known in the art and is 

described, for example, in Manipulating the Mouse Embroy: A laboratory 
Manual, Hogan, et al, Cold Spring Harbor Press, second edition (1994). 
Human CD8 transgenic mice may be constructed by the method of LaFace, et 
al, J. Exp. Med. 752:1315-1325 (1995). Construction of new lines of 
transgenic mice expressing the human CD8alpha and CD8beta subunits may 
be made by insertion of the corresponding human cDNA into a human CD2 
minigene based vector for T cell-specific expression in transgenic mice 
(Zhumabekov, et al, J. Immunol Methods 755:133-140 (1995)). HLA class I 
transgenic mice may be constructed by the methods of Chamberlain, et al, 
Proa Natl Acad. SclUSA 35:7690-7694 (1988) or Bemhard, et al, J. Exp. 
Med. 763:1157-1162 (1988) or Vitiello, et al, J. Exp. Med 773:1007-1015 
(1991) or Barra, et al, J. Immunol 150: 3681-3689 (1993). 

[0816] Construction of additional HLA class I transgenic mice may be 

achieved by construction of an H-2Kb cassette that includes 2 kh of upstream 
regulatory region together with the first two introns previously implicated in 
gene regulation (Kralova, et al, EMBO J. 77:4591-4600 (1992)). Endogenous 
translational start sites are eliminated from this region and restriction sites for 
insertion of HLA cDNA are introduced into the third exon followed by a 
polyA addition site. By including an additional 3kb of genomic H-2Kb 
sequence at the 3 1 end of this construct, the class I gene can be targeted for 
homologous recombination at the H-2Kb locus in embryonic stem cells. This 
has the advantage that the transgene is likely to be expressed at a defined locus 
known to be compatible with murine class I expression and that these mice are 
likely to be deficient for possible competition by H-2Kb expression at the cell 
membrane. It is believed that this will give relatively reproducible expression 
of diverse human HLA class I cDNA introduced in the same construct. 
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EXAMPLE 17 

Independent Human Tumor Cell Lines Derived from a Non-tumorigenic, 
Immortalized Cell line 

[0817] This example describes a set of human tumors independently derived 

by different carcinogens or oncogene transformation from the same cloned, 
non-tumorigenic parental cell line. The parental cell line is useful for 
tolerizing mice and the independently-derived tumors usefiil for immunizing 
. mice in the generation of tumor antigen-specific CTLs. A similar approach is 
used to generate infection-induced or infectious agent-encoded antigens. 
Likewise, this approach is easily modified to generate any differentially- 
expressed antigen, such as those that are development-specific or induced 
under certain conditions. 
[0818J Additionally, the availability of related normal and tumor cell lines has 

considerable advantages for the molecular and immunological analysis of 
potential cancer vaccines. It provides a readily available source of normal 
control cells and RNA, and also makes it possible to focus on molecular 
features that are carcinogen independent Molecular features that are shared 
by several independent tumors are unlikely to be the products of random 
genetic drift during in vitro propagation. 
[0819] A set of human uroepithelial tumors derived from an SV40 

immortalized human uroepithelial cell line, SV-HUC, was developed in the 
laboratory of Dr. Catherine Reznikoff (University of Wisconsin, Madison). 
The parent cell line is contact inhibited, anchorage dependent . and 
non-tumorigenic in nude mice (Christian, et al, Cancer Res. 47:6066-6073 
(1987)). A series of independent tumor cell lines were derived by either ras 
transformation (Pratt, et al, Cancer Res. 52:688-695 (1992)) or in vitro 
mutagenesis of SV-HUC with different carcinogens including some that are 
bladder-specific (Bookland, et al, Cancer Res. 52:1606-1614 (1992)). 
Transformed cells were initially selected on the basis of altered in vitro growth 
requirements and each was shown to be tumorigenic in nude mice. A subset 
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of these tumors is selected that retains the phenotype of transitional cell 
carcinoma. Table 14 lists the parental cells and the carcinogens employed to 
derive these 5 tumor lines in vitro. 



TABLE 14. 
Human Uroepithelial Cell Lines 



Parental Line 


Immortalization 


SV-HUC 


S V40 immortalized normal bladder epithelial cells 


Tumor Line 


Carcinogen or Oncogene transformation 


MCpT7 


3-methylcholanthrene 


MCppTll-A3 


3-methylcholanthrene followed by 4-aminobiphenyl 


MCppTll-HA2 


3-methylcholanthrene followed by 
N-hydroxy-4-acetylaminobiphenyl 


. HA-T2 


N-hydroxy-4-aminobiphenyl 


SV-HUC/ras-T 


EJ/ras 



Experiments apply both representational difference analysis and 
modified differential display to identify gene fragments differentially 
expressed in the MC ppTll-A3 tumor (ppTHA3) relative to the parental 
SV-HUC. All differentially expressed fragments are tested by Northern 
analysis and RNase protection assay for parallel expression in mRNA of the 
other tumor cell lines. Only those DNA clones expressed in at least 3 of the 5 
SV-HUC derived tumor cell lines are selected for further characterization. 

Similar analysis of tumor-specific antigens can be carried with tumors 
derived from SV40 large T or HPV E6 or E7 immortalized cell lines 
representative of other human tissues. Published examples include: prostatic 
epithelium (Parda, et al, The Prostate 23:91-98 (1993)), mammary epithelium 
(Band, et al, Cancer Res. 50:7351-73-57 (1990)), and bronchial epithelium 
(Gerwin et al, Proc. Natl Acad. Set USA 39:2759-2763 (1992); Klein- 
Szanto, et al, Proc. Natl Acad. Sci. USA 39:6693-6697 (1992)). 
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[0822] It will be important to confirm for each tumor encoded target antigen 
identified by T cells or antibodies reactive with in vitro derived tumor cell 
lines, that the same antigen is also expressed in a significant proportion of 
tumors that arise spontaneously in vivo. Antigen expression should be 
characterized in a panel of at least 20 patient tumors. This sample size is 
sufficient to estimate the proportion of patients expressing the antigen with a 
standard error no greater than 0.11% (SE==sqrttp*(l-p)/n] where p=true 
proportion and n=sample size. SE is maximal for p=0.5, so that for 10/20 
patients, SE=*b0.1 1; for any other value of p, SE is smaller.) In some cases, as 
a surrogate for antigen expression, it will be possible to screen for expression 
of a tumor-specific cDNA. However, in other instances, it may be necessary 
to assay antigen expression more directly. For T cell defined antigens this 
introduces a requirement for expression of the appropriate MHC restriction 
element. If this MHC molecule is not naturally expressed in some tumors, it 
needs to be introduced by transfection or infection with a viral recombinant. 

EXAMPLE IS 
Identifying Target Antigens For Use in Vaccines 

[0823] The subsections below describe two strategies that can be used to 

identify target antigens or epitopes that are candidates for use in immunogenic 
formulations or vaccines or other therapeutic methods. The two strategies 
described herein may be applied to identify target epitopes which include, but 
are not limited to, tumor specific epitopes, epitopes specific to a cell infected 
with a virus, fungus or mycobacteria, epitopes specific to an autoimmune 
disease, or any epitope capable of inducing a specific CTL response, either 
naturally or upon immunization. See also Examples 25-29. 
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Induction of Cytotoxic T Lymphocytes Specific for Human Tumors and Their 
Use to Select DNA Recombinants That Encode Target Epitopes 

[0824] Cytotoxic T cells specific for human tumors are induced in animals 

which have been tolerized with a non-tumorigenic, immortalized normal 
human cell line that does not express costimulator activity. These animals are 
subsequently immunized with costimulator transfected (e.g., B7 transfected) 
tumor cells derived by in vitro mutagenesis or oncogene transformation from 
that same normal immortalized human cell line. An alternative source of 
matched normal and tumor cell pairs that could be employed in this same 
fashion is to derive normal and tumor cell lines from different tissue samples 
of the same patient For purposes of immunization, costimulator activity 
could also be introduced in these tumor cells by transfection with murine B7. 
This immunization regimen gives rise to tumor-specific CTL that are not 
crossreactive on the homologous normal cells. The primary purpose of 
inducing tumor-specific CTL is that they can be employed, as described 
below, to select for clones of recombinant tumor DNA that encode the target 
antigen. Such antigens, because they are differentially immunogenic in tumor 
as compared to normal cells, are candidates for immunogenic formulations or 
vaccines. Mammals of different species, most commonly diverse strains of 
inbred mice, can be employed for this purpose. Whether a particular 
formulation or vaccine is immunogenic in any particular individual will 
depend on whether specific peptides derived from that antigen can be 
processed and presented in association with the particular MHC molecules 
expressed by that individual. To narrow the focus of this selection process to 
antigens from which peptides can be derived that associate with a particular 
human HLA molecule, it is possible, as described in other Examples, to derive 
directly HLA restricted CTL from HLA and human CD8 transgenic mice. 
Alternatively, differentially immunogenic molecules of the human tumor can 
be initially identified employing tumor-specific CTL restricted to any animal 
MHC. Antigens so identified can subsequently be characterized for the ability 
to be processed and presented in association with different human HLA types 
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by primary in vitro stimulation of human peripheral blood lymphocytes (PBL), 
or, as described in other Examples, by immunization of HLA and human CD8 
transgenic mice. The HLA transgene permits selection of a high affinity, 
HLA- restricted T cell repertoire in the mouse thymus. In addition, a human 
CD8 transgene is most preferable because murine CD8 does not interact 
efficiently with human class I MHC. 
[0825] The method to determine differential immunogenicity can be carried 

out in normal mice if genes encoding mouse MHC molecules are introduced 
into the human cell lines by transfection (Kriegler, M., Gene transfer and 
expression: A laboratory manual, W.H. Freeman and Co., N.Y. (1991)). 
Alternatively, antigens of the human cell lines may be re-presented by murine 
professional antigen presenting cells in vivo (Huang, et al. t Science 264:961- 
965 (1994)) and in vitro (Inaba, et al, J. Exp. Med. 1 76:1702 (1992); Inaba, et 
al 9 J. Exp. Med. 775:479-488 (1993)). To induce T cell tolerance during re- 
presentation of human antigens by murine dendritic cells it may be necessary 
to block costimulator activity with anti-B7.1 and anti-B7.2 antibodies. 
Specificity of the CTL generated in this way may be determined by comparing 
lysis of human tumor and normal target cells that have been transfected with 
HLA class I or that have been infected with HLA class I or that have been 
infected with HLA class I recombinant vaccinia virus. 
[0826] Since immunogenicity of antigen in any individual depends on whether 

peptides derived from the antigen can be presented to T cells in association 
with MHC molecules of that particular individual, it may be separately 
determined by immunization of human volunteers or of human CD8 and HLA 
transgenic mice, which human HLA molecules are able to present peptides of 
any identified antigen. The two issues of immunogenicity and HLA 
associated presentation can be addressed simultaneously if HLA transgenic 
mice rather than normal mice are employed in the initial immunization. 
[08271 The construction of transgenic mice is well known in the art and is 

described, for example, in Manipulating the Mouse Embryo: A laboratory 
Manual, Hogan, et al., Cold Spring Harbor Press, second edition (1994). 
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Human CDS transgenic mice may be constructed by the method of LaFace, et 
al, J. Exp. Med. 752:1315-1325 (1995). Construction of new lines of 
transgenic mice expressing the human CD8alpha and CD8beta subunits may 
be made by insertion of the corresponding human cDNA into a human CD2 
minigene based vector for T cell-specific expression in transgenic mice 
(Zhumabekov, et al, J. Immunol Methods 255:133-140 (1995)). HLA class I 
transgenic mice may be constructed by the methods of Chamberlain, et al, 
Proc. Natl Acad. Sci. USA 55:7690-7694 (1988) of Bemhard, et al, J. Exp. 
Med. 755:1157-1162 (1988) or VitieUo, et al, J. Exp. Med. 775:1007-1015 
(1991) or Barra, etal, J. Immunol 750:3681-3689 (1993). 
[0828] Construction of additional HLA class I transgenic mice may be 

achieved by construction of an H-2Kb cassette that includes 2 kb of upstream 
regulatory region together with the first two introns previously implicated in 
gene regulation (Kralova, et al, EMBO J. 77:4591-4600 (1992)). Endogenous 
translation^ start sites are eliminated from this region and restriction sites for 
insertion of HLA cDNA are introduced into the third exon followed by a 
polyA addition site. By including an additional 3kb of genomic H-2Kb 
sequence at the 3' end of this construct, the class I gene can be targeted for 
homologous recombination at the H-2Kb locus in embryonic stem cells. This 
has the advantage that the transgene is likely to be expressed at a defined locus 
known to be compatible with murine class I expression and that these mice are 
likely to be deficient for possible competition by H-2Kb expression at the cell 
membrane. It is believed that this will give relatively reproducible expression 
of diverse human HLA class I cDNA introduced in the same construct 

[0829] Most preferably, the tumor cell lines are a panel of tumor cell lines that 

are all derived from a single immortalized, non-tumorigenic cell line. 
Non-tumorigenic cells are most preferable for inducing tolerance to the large 
number of normal human proteins that are also expressed in tumor cells. 

[0830] • Preferably, screening is performed on such a panel of tumor cell lines, 
independently derived from the same normal cells by diverse carcinogens or 
oncogene transformation. Screening of such a panel of tumor cell lines makes 
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it possible to filter out antigenic changes that are carcinogen specific or that 
may arise by random genetic drift during in vitro propagation of a tumor cell 
line. 

[0831] The tumor-specific CTLs generated as described above can be used to 

screen expression libraries prepared from the target tumor cells in order to 
identify clones encoding the target epitope. DNA libraries constructed in a 
viral vector infectious for mammalian cells as described herein can be 
employed for the efficient selection of specific recombinants by CTLs. Major 
advantages of these infectious viral vectors are 1) the ease and efficiency with 
which recombinants can be introduced and expressed in mammalian cells, and 
2) efficient processing and presentation of recombinant gene products in 
association with MHC molecules of the infected cell. At a low multiplicity of 
infection (m,o.i), many target cells will express a single recombinant which is 
amplified within a few hours during the natural course of infection. 

[0832] A representative DNA library is constructed in vaccinia virus. 

Preferably, a tri-molecular recombination method employing modified 
vaccinia virus vectors and related transfer plasmids is used to construct the 
representative DNA library in vaccinia virus. This method generates close to 
100% recombinant vaccinia virus (see Example 2). 

[0833] In a preferred embodiment (see also Example 1), a vaccinia virus 

transfer plasmid pJ/K, a pUC 13 derived plasmid with a vaccinia virus 
thymidine kinase gene containing an in-frame Not I site, is further modified to 
incorporate one of two strong vaccinia virus promoters, e.g., either a 7.5K 
vaccinia virus promoter or a strong synthetic early/late (E/L) promoter, 
followed by Not I and Apa I restriction sites. The Apa I site is preferably 
preceded by a strong translation^ initiation sequence including the ATG 
codon. This modification is preferably introduced within the vaccinia virus 
thymidine kinase (Ik) gene so that it is flanked by regulatory and coding 
sequences of the viral tk gene. Each of the two modifications within the tk 
gene of a plasmid vector may be transferred by homologous recombination in 
the flanking tk sequences into the genome of the Vaccinia Virus WR strain 
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derived vNotl " vector to generate two new viral vectors. Importantly, 
following Not I and Apa I restriction endonuclease digestion of these two viral 
vectors, two large viral DNA fragments can be isolated each including a 
separate non-homologous segment of the vaccinia tk gene and together 
comprising all the genes required for assembly of infectious viral particles. 
[0834] In some embodiments, such modifications are introduced in the 

Modified Virus Ankara (MVA) strain of vaccinia, which is replication 
deficient in mammalian cells (Meyer, et al, X Gen. Virol 72:1031-1038 
(1991)). 

[0835] In a preferred embodiment, the following method is used to enrich for, 

and select for those cells infected with the recombinant viruses that express the 
target epitopes of specific cytotoxic T cells. An adherent monolayer of cells is 
infected with a recombinant viral library, e.g. a vaccinia recombinant viral 
library, at m.o.i. less than or equal to 1. It is important that these cells do not 
themselves express the target epitopes recognized by specific CTLs but that 
these epitopes are represented in the viral library. In addition, for selection by 
CTLs, the infected cells must express an appropriate MHC molecule that can 
associate with and present the target peptide to T cells. 
[0836] After 12 hours infection with recombinant virus, the monolayer is 

washed to remove any non-adherent cells. CTLs of defined specificity are 
added for 30 min. During this time, some of the adherent cells infected with a 
recombinant particle that leads to expression of the target epitope will interact 
with a specific CTL and undergo a lytic event Cells that undergo a lytic event 
are released from the monolayer and can be harvested in the floating cell 
population. The above-described protocol is repeated for preferably five or 
more cycles, to increase the level of enrichment obtained by this procedure. 
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Screening Cytotoxic Lymphocytes Generated Against Products of 
Genes Differentially Expressed in Tumor Cells for Activity Against Authentic 
Tumor Cells 

[0837] The products of genes that are differentially expressed in a tumor are 

used to generate HLA-restricted CTLs (e.g., by immunization of transgenic 
animals or in vitro stimulation of human PBL with antigen presenting cells 
that express the appropriate MHC ). The CTLs so generated are assayed for 
activity against authentic tumor cells in order to identify the differentially 
expressed gene which encodes the effective target epitope. 

[0838] In essence, this approach to identify tumor-specific antigens is the 

reverse of the strategy described in the preceding section. Rather than 
isolating CTLs generated against authentic tumor cells to screen expression 
libraries of tumor-specific cDNA, the tumor-specific cDNA or gene products 
(i.e., the product of genes differentially expressed in tumors) are used to 
generate CTLs which are then screened using authentic tumor. This strategy 
is quite advantageously used to identify target epitopes for many human tumor 
types where it has not been possible to generate tumor-specific CTL directly 
from patients. This strategy provides an additional advantage in that cryptic 
tumor antigens can be identified Rather than only assaying for what is 
immunogenic on a tumor cell, this embodiment of the invention allows for the 
evaluation and assessment of tumor cell products that can become 
immunogenic if the representation of tumor-specific T cells is first augmented 
by vaccination. 

[0839] Differentially expressed genes derived from the tumor can be 

identified using standard techniques well known to those skilled in the art 
(e.g., see Liang & Pardee, Science 257:967-971 (1992), which is incorporated 
by reference herein in its entirety). Preferably, the improved differential 
display methods described in Sections 9.2 and 9.3, infra, may be used to 
reduce false positives and enhance the efficiency for isolating full length 
cDNAs corresponding to the identified DNA fragments. Each differentially 
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expressed gene product is potentially immunogenic, and may be represented 
as a low-abundance or high abundance transcript. 
[0840] In order to identify the differentially expressed gene products that 

might be candidates for tumor immunotherapy, it is necessary to have a means 
of delivering the product for immunization in an environment in which T cell 
responses to peptides associated with human HLA can be induced. To this 
end, the differentially expressed cDNA is incorporated into an expression 
vector, preferably a viral vector (such as the vaccinia vectors described herein) 
so that quantities of the gene product adequate for immunization are produced. 
Immunization can be accomplished using the recombinantly expressed gene 
product formulated in a subunit vaccine (e.g., mixed with a suitable adjuvant 
that can promote a cell mediated immune response). Preferably a recombinant 
viral expression vector, such as vaccinia, can be used to immunize (Bennock 
& Yewdell, Current Topics In Microbiol and Immunol 263:153-178 (1990)). 
Most preferably, transgenic mice are employed which express a human class I 
MHC molecule, so that HLA-restricted murine cytotoxic T cells specific for 
the gene product can be induced and isolated (Shirai, M., et al, J. Immunol 
754:2733-2742 (1995); Wentworth et al, Eur. J. of Immunol 2(5:97-101 
(1996)). Alternatively, human PBL are stimulated in vitro with antigen 
presenting cells that express homologous HLA. 
[0841] The significance of HLA compatibility is that T cells recognize 

peptides that bind to, and are transported to the surface of antigen presenting 
cells in association with major histocompatibility molecules. T cells of HLA 
transgenic mice are, therefore, primed to recognize a specific peptide in 
association with the expressed human HLA and crossreactivity with human 
tumor cells depends on expression of that same tumor peptide in association 
with the same HLA molecule. 
[0842] The CTLs induced by the immunization can be tested for cross 

reactivity on HLA compatible tumors that express the corresponding mRNA. 
The CTLs can be assayed for their ability to kill authentic tumor cells in vitro 
or in vivo. To this end, assays described in other Examples can be used, or 
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other similar assays for determining tumor cell specificity and killing which 
are well known to those skilled in the art. 
[0843] Using this approach, target epitopes which are particularly good 

candidates for tumor immunotherapy in human patients are identified as those 
which meet the following criteria: (a) the gene is differentially expressed in 
multiple human tumors; (b) the gene products are immunogenic in association 
with HLA; and (c) the specific CTLs induced are cross reactive on human 
tumor cells. 

EXAMPLE 19 

Construction of MVA Trimolecular Recombination Vectors 

[0844] In order to construct a Modified Vaccinia Ankara (MVA) vector 

suitable for trimolecular recombination, two unique restriction endonuclease 
sites must be inserted into the MVA tk gene. The complete MVA genome 
sequence is known (GenBank U94848). A search of this sequence revealed 
that restriction endonucleases AscI, Rsrll, Sfil, and Xmal do not cut the MVA 
genome. Restriction endonucleases AscI and Xmal have been selected due to 
the commercial availability of the enzymes, and the size of the recognition 
sequences, 8 bp and 6 bp for AscI and Xmal respectively. In order to 
introduce these sites into the MVA tk gene a construct will be made that 
contains a reporter gene (e.g. indicator gene) (E. coli gusA) flanked by Xmal 
and AscI sites. The Gus gene is available in pCRELGus (M. Merchlinsky, D. 
Eckert, E. Smith, M. Zauderer. 1997 Virology 238: 444-451). This reporter 
gene. (e.g. indicator gene) construct will be cloned into a transfer plasmid 
containing vaccinia tk DNA flanks and the early/late 7.5k promoter to control 
expression of the reporter gene (e.g. indicator gene). The Gus gene will be 
PCR amplified from this construct using Gus specific primers. Gus sense 5' 
ATGTTACGTCCTGTAGAAACC 3' (SEQ ID NO:48), and Gus Antisense 
5 'TCATTGTTTGCCTCCCTGCTG 3' (SEQ ID NO:49). The Gus PCR 
product will then be PCR amplified with Gus specific primers that have been 
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modified to include NotI and Xmal sites on the sense primer, and AscI and 
Apal sites on the antisense primer. The sequence of these primers is: NX-Gus 
Sense 5' AAAGCGGCCGCCCCGGGATGTTACGTCC 3' (SEQ ID NO:50) 
AA-Gus antisense 5' AAAGGGCCCGGCGCGCCTCATTGTTTGCC 3' 
(SEQIDNO:51). 

[0845] This PGR product will be digested with NotI and Apal and cloned into 

the NotI and Apal sites of p7.5/tk (Merchlinsky, M., et al, Virology 238;4M- 
451 (1997)). The 7.5k-XmaI-gusA-AscI construct will be introduced into 
MVA by conventional homologous recombination in permissive QT35 or 
BHK cells. Recombinant plaques will be selected by staining with the Gus 
substrate X-Glu (5-bromo-3 indoyl-b-D-glucuronic acid; Clontech) (M.W. 
Carroll, M.W. and Moss, B., Biotechniques 7P:352-355 (1995)). MVA-Gus 
clones, which will also contain the unique Xmal and AscI sites, will be plaque 
purified to homogeneity. Large scale cultures of MVA-Gus will be amplified 
on BHK cells, and naked DNA will be isolated from purified virus. After 
digestion with Xmal and AscI the MVA-Gus DNA can be used for 
trimolecular recombination in order to construct cDNA expression libraries in 
MVA. 

[0846] MVA is unable to complete its life cycle in most mammalian cells. 

This attenuation can result in a prolonged period of high levels of expression 
of recombinant cDNAs, but viable MVA cannot be recovered from infected 
cells. The inability to recover viable MVA from selected cells would prevent 
the repeated cycles of selection required to isolate functional cDNA 
recombinants of interest A solution to this problem is to infect MVA infected 
cells with a helper virus that can complement the host range defects of MVA. 
This helper virus can provide the gene produces) which MVA lacks that are 
essential for completion of its life cycle. It is unlikely that another host range 
restricted helper virus, such as fowlpox, would be able to complement the 
MVA defect(s), as these viruses are also restricted in mammalian cells. Wild 
type strains of vaccinia virus would be able to complement MVA. In this case 
however, production of replication competent vaccinia virus would complicate 
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additional cycles of selection and isolation of recombinant MVA clones. A 
conditionally defective vaccinia virus could be used which could provide the 
helper function needed to recover viable MVA from mammalian cells under 
nonpermissive conditions, without the generation of replication competent 
virus. 

[0847] The vaccinia D4R open reading frame (orf) encodes a uracil DNA 

Glycosylase enzyme. This enzyme is essential for vaccinia virus replication, 
is expressed early after infection (before DNA replication), and disruption of 
this gene is lethal to vaccinia. It has been demonstrated that a stably 
transfected mammalian cell line expressing the vaccinia D4R gene was able to 
complement a D4R deficient vaccinia virus (Holzer, G.W. and Falkner, F.G., 
J. Virology 77:4997-5002 (1997)). A D4R deficient vaccinia virus would be 
an excellent candidate as a helper virus to complement MVA in mammalian 
cells. 

[0848] In order to construct a D4R complementing cell line the D4R orf will 

be cloned from vaccinia strain v7.5/tk by PGR amplification using primers 
D4R-Sense 5' AAAGGATCCATAATGAATTCAGTGACTGTATCACACG 
3' (SEQ ID NO:52) and D4R Antisense 5' CTTGCGGCCGCTTAAT 
AAATAAACCCTTGAGCCC 3' (SEQ ID NO:53). The sense primer has 
been modified to include a BamHI site, and the anti-sense primer has been 
modified to include a NotI site. Following PCR amplification and digestion 
with BamHI and NotI the D4R orf will be cloned into the BamHI and NotI 
sites of pIRESHyg (Clontech). This mammalian expression vector contains 
the strong CMV Immediate Early promoter/Enhancer and the ECMV internal 
ribosome entry site (IRES). The D4RIRESHyg construct will be transfected 
into BSC1 cells and transfected clones will be selected with hygromycin. The 
IRES allows for efficient translation of a polycistronic mRNA that contains 
the D4Rorf at the 5' end, and the Hygromycin phosphotransferase gene at the 
3' end. This results in a high frequency of Hygromycin resistant clones being 
functional (the clones express D4R). BSC1 cells that express D4R 
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(BSC1.D4R) will be able to complement D4R deficient vaccinia, allowing for 
generation and propagation of this defective strain. 
[0849] To construct D4R deficient vaccinia, the D4R orf (position 100732 to 

101388 in vaccina genome) and 983 bp (5' end) and 610 bp (3'end) of 
flanking sequence will be PGR amplified from the vaccinia genome. Primers 
D4R Flank sense 5' ATTGAGCTCTTAATACTTTTGTCGGGTAACAGAG 
3' (SEQ ID NO:54) and D4R Flank antisense 5' TTACTCGAGAGTGT 
CGCAATTTGGATTTT 3' (SEQ ID NO:55) contain a Sad (Sense) and Xhol 
(Antisense) site for cloning and will amplify position 99749 to 101998 of the 
vaccinia genome. This PCR product will be cloned into the SacI and Xhol 
sites of pBluescript H KS (Stratagene), generating pBS.D4RJlank. The D4R 
gene contains a unique EcoRI site beginning at nucleotide position 3 of the 
657bp orf; and a unique PstI site beginning at nucleotide position 433 of the 
orf. Insertion of a Gus expression cassette into the EcoRI and PstI sites of 
D4R will remove most of the D4R coding sequence. A 7.5k promoter- Gus 
expression vector has been constructed (ML Merchlinsky, D. Eckert, E. Smith, 
M. Zauderer. 1997 Virology 238: 444-451). The 7.5-Gus expression cassette 
will be isolated from this vector by PCR using primers 7.5Gus Sense 5' 
AAAGAATTCCTTTATTGTCATCGGCCAAA (SEQ ID NO:56) and 7.5Gus 
antisense 5' AATCTGCAGTCATTGTTTGCCTCCCTGCTG 3' (SEQ ID 
NO:57). The 7.5Gus sense primer contains an EcoRI site and the 7.5Gus 
antisense primer contains a PstI site. Following PCR amplification the 7.5Gus 
molecule will be digested with EcoRI and PstI and inserted into the EcoRI and 
PstI sites in pBS.D4R.Flank, generating pBSX>4R77.5Gus + . D4R7Gus+ 
vaccinia can be generated by conventional homologous recombination by 
transfecting the pBS X>4RV7.5Gus + construct into v7.5/tk infected BSC1.D4R 
cells. D4R"/Gus + virus can be isolated by plaque purification on BSC1.D4R 
cells and staining with X-Glu. The D4R- virus can be used to complement 
and rescue the MVA genome in mammalian cells. 
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EXAMPLE 20 

Construction and Use of D4R Trimolecular Recombination Vectors 

[0850] Poxvirus infection can have a dramatic inhibitory effect on host cell 

protein and RNA synthesis. These effects on host gene expression could, 
under some conditions, interfere with the selection of specific poxvirus 
recombinants that have a defined physiological effect on the host cell. Some 
strains of vaccinia virus that are deficient in an essential early gene have been 
shown to have greatly reduced inhibitory effects on host cell protein synthesis. 
Therefore, production of recombinant cDNA libraries in a poxvirus vector that 
is deficient in an early gene function may be advantageous for selection of 
certain recombinants that depend on continued active expression of some host 
genes. Disruption of essential viral genes prevents viral replication. 
Replication defective strains of vaccinia are rescued by providing the missing 
function through transcomplementation, such as by an host cell-encoded or 
helper virus-encoded gene under the control of an inducible promoter. 

[0851] Infection of a cell population with a poxvirus library constructed in a 

replication deficient strain should greatly attenuate the effects of infection on 
host cell signal transduction mechanisms, differentiation pathways, and 
transcriptional regulation. An additional and important benefit of this strategy 
is that expression of the essential gene under the control of a inducible 
promoter can itself be the means of selecting recombinant virus that directly or 
indirectly lead to activation of that transcriptional regulatory region. 
Examples include the promoter of a gene activated as a result of crosslinking 
surface immunoglobulin receptors on early B cell precursors or the promoter 
of a gene that encodes a marker induced following stem cell differentiation. 
Additional examples of .inducible promoters include cell type-restricted 
promoters, tissue-restricted promoters, temporally-regulated promoters, 
spatially-regulated promoters, proliferation-induced promoters, cell-cycle 
specific promoters, etc., such as those described herein or well-known in the 
art. If such a promoter drives expression of an essential viral gene, then only 
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those viral recombinants that directly or indirectly activate expression of that 
transcriptional regulator will replicate and be packaged as infectious particles. 
This method has the potential to give rise to much lower background then 
selection methods based on expression of dipA or a CTL target epitope 
because uninduced cells will contain no replication competent vaccinia virus 
that might be released through non-specific bystander effects. The selected 
recombinants can be further expanded in a complementing cell line or in the 
presence of a complementing helper virus or transfected plasmid. 

[0852] A number of essential early vaccinia genes have been described. 

Preferably, a vaccinia strain deficient for the D4R gene could be employed. 
The vaccinia D4R open reading frame (orf) encodes a uracil DNA glycosylase 
enzyme. This enzyme is reqired for viral DNA replication and disruption of 
this gene is lethal to vaccinia (Millns, AX., et al, Virology 7P5:504-513 
(1994)). It has been demonstrated that a stably transfected mammalian cell 
line expressing the vaccinia D4R gene is able to complement a D4R deficient 
vaccinia virus (Holzer, G.W., and Falkner, F.G., J. Virology 77:4997-5002 
(1997)). In the absence of D4R complementation, infection with the D4R 
deficient vaccinia results in greatly reduced inhibition of host cell protein 
synthesis (Holzer and Falkner). It has also been shown that a foreign gene 
inserted into the tk gene of D4R deficient vaccinia continues to be expressed 
at high levels, even in the absence of D4R complementation (Himly, M., et al, 
Protein Expression and Purification 24:317-326 (1998)). The replication 
deficient D4R strain is, therefore, well-suited for selection of viral 
recombinants that depend on continued active expression of some host genes 
for their physiological effect. 

[0853] To implement this strategy for selection of specific recombinants from 

representative cDNA libraries constructed in a D4R deficient vaccinia strain 
the following cell lines and vectors are required: 

1. D4R expressing complementing cell line is required for expansion of 
D4R deficient viral stocks. 
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2. The D4R gene must be deleted or inactivated in a viral strain suitable 
for trimolecnlar recombination. 

3. Plasmid or viral constructs must be generated that express D4R under 
the control of different inducible promoters, e.g., cell-specific promoters, 
tissue-specific promoters, proliferation-specific promoters, etc., such as the 
promoter for expression of type X collagen following induction of 
chondrocyte differentiation fiom C3H10T1/2 progenitor cells. Stable 
transfectants of these constructs in the relevant cell line are required to rescue 
specific recombinants. Alternatively, a helper virus expressing the relevant 
construct can be employed for induction in either cell lines or primary 
cultures. 

Construction of a D4R Complementing Cell Line 

[0854] A D4R complementing cell line is constructed as follows. First, the 

D4R orf (position 100732 to 101388 in vaccinia genome) is cloned from 
vaccinia strain v7.5/tk by PCR amplification using the following primers: 

D4R-sense, 5' AAAGAATTCA TAATGAATTC AGTGACTGTA 
TCACACG 3* (SEQ ID NO:58); and 

D4R-antisense: 5' CT TGGATCCT TAATAAATAA ACCCTTGAGC 
CC3'(SEQIDNO:59). 
[0855] The sense primer is modified to include an EcoRI site, and the anti- 

sense primer is modified to include a BamHI site (both underlined). 
Following standard PCR amplification and digestion with EcoRI and BamHI, 
the resulting D4R orf is cloned into the EcoRI and BamHI sites of pIRESneo 
(available from Clontech, Palo Alto, CA). This mammalian expression vector 
contains the strong CMV immediate early promoter/enhancer and the ECMV 
internal ribosome entry site (IRES). The D4R/IRESneo construct is transfected 
into BSC1 cells and transfected clones are selected with G418. The IRES 
allows for efficient translation of a polycistronic mRNA that contains the 
D4Rorf at the 5' end, and the neomycin phosphotransferase gene at the 3' end. 



WO 2004/037993 



PCT/US2003/033557 



-266- 

This results in a high frequency of G418 resistant clones being functional (the 
clones express D4R). Transfected clones are tested by northern blot analysis 
using the D4R gene as probe in order to identify clones that express high 
levels of D4R mRNA. BSC1 cells that express D4R (BSC1D4R) are able to 
complement D4R deficient vaccinia, allowing for generation and propagation 
of D4R defective viruses. 

Construction of D4R Deficient vaccinia vector 

[0856] A D4R-deficient vaccinia virus, suitable for trimolecular 

recombination as described in Example 19, supra, is constructed by disruption 
of the D4R orf (position 100732 to 101388 in vaccinia genome) through the 
insertion of an E. coli GusA expression cassette into a 300-bp deletion, by the 
following method. 

[0857] In order to insert the GusA gene, regions flanking the insertion site are 

amplified from vaccinia virus as follows. The left flanking region is amplified 
with the following primers: 

D4R left flank sense: 5 ' AATAAGCTTT GACTCCAGAT 
ACATATGGA 3' (SEQ ID NO:60); and 

D4R left flank antisense: 5' AATCTGCAGC ACCAGTTCCA TCTTT 
3'(SEQIDNO:61). 

[0858] These primers amplify a region extending from position 100167 to 

position 100960 of the vaccinia genome, and have been modified to include a 
Hindm (Sense) and PstI (Antisense) site for cloning (both underlined). The 
resulting PCR product is digested with Hindm and PstI, and cloned into the 
HindTTT and PstI sites of pBS (available from Stratagene), generating 
pBS.D4RLF. The right flanking region is amplified with the following 
primers: 

D4R right flank sense: 5' AATGGATCCT CATCCAGCGG CTA 3* 
(SEQIDNO:62);and 
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D4R right flank antisense: 5' AATGAGCTCT AGTACCTACA 
ACCCGAA 3' (SEQ ID NO:63). 

[0859] These primers amplify a region extending from position 101271 to 

position 101975 of the vaccinia genome, and have been modified to include a 
BamHI (Sense) and SacI (Antisense) site for cloning (both underlined). The 
resulting PCR product is digested with BamHI and SacI, and cloned into the 
BamHI and SacI sites of pBS.D4R.LF, creating pBS.D4R.LF/RF. 

[0860] An expression cassette comprising the GusA coding region operably 

associated with a poxvirus synthetic early/late (E/L) promoter, is inserted into 
pBS.D4R.LF/RF by the following method. The E/L promoter- Gus cassette is 
derived from the pEL/tk-Gus construct described in Merchlinsky, M., et ah, 
Virology 235:444-451 (1997). The Not! site immediately upstream of the Gus 
ATG start codon is removed by digestion of pEL/tk-Gus with NotI, followed 
by a fill in reaction with Klenow fragment and religation to itself creating 
pEL/tk-Gus(NotI-). The E/L-Gus expression cassette is isolated from pEL/tk- 
Gus(NotI-) by standard PGR using the following primers: 

EL-Gus sense: 5' AAAGTCGACG GCCAAAAATT GAAATTTT V 
(SEQE)NO:64);and 

EL-Gus antisense: 5' AATGGATCCT CATTGTTTGC CTCCC 3' 
(SEQIDNO:65). 

[0861] The EL-Gus sense primer contains a Sail site and the EL-Gus antisense 

primer contains a BamHI site (both underlined). Following PCR amplification 
the EL-Gus cassette is digested with Sail and BamHI and inserted into the Sail 

and BamHI sites in pBS.D4R.LF/RF generating pBS.D4R7ELGus. This 
transfer plasmid contains an EL-Gus expression cassette flanked on both sides 
by D4R sequence. There is also a 300bp deletion engineered into the D4R orf. 
[0862] D4R7Gus + vaccinia viruses suitable for trimolecular recombination are 

generated by conventional homologous recombination following transfection 
of the pBS.D4R7ELGus construct into v7.5/tk-infected BSCLD4R cells. 
D4R7Gus + virus are isolated by plaque purification on BSC1.D4R cells and 
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staining with X-Glu (Carroll, MW., and Moss, B„ Biotechniques 79:352-355 
(1995)). This new strain is designated v7.5/tk/Gus/D4R, 
[0863] DNA purified from v7.5/tk/Gus/D4R is used to construct 

representative vaccinia cDNA libraries by trimolecular recombination carried 
out in the BSC1.D4R complementing cell line. 

Preparation of Host Cells Expressing D4R under the Control of Inducible 
Promoters 

[0864] Host cells which express the D4R gene upon induction of an inducible 

promoter are prepared as follows. Plasmid constructs are generated that 
express the vaccinia D4R gene under the control of an inducible promoter. 
Examples of inducible promoters include, but are not limited to cell-specific 
promoters, tissue-specific promoters, proliferation-specific promoters, and the 
promoter for a marker of differentiation, such as type X collagen. The 
vaccinia D4R orf is amplified by PCR using primers D4R sense and D4R 
antisense described above. These PGR primers are modified as needed to 
include desirable restriction endonuclease sites. The D4R orf is then cloned in 
a suitable eukaryotic expression vector (which allows for the selection of 
stably transformed cells) in operable association of any appropriate promoter 
such as the type X collagen promoter employing methods known to those 
skilled in the art. 

[0865] The construct is then stably transfected into a cell line suitable for 

selection or screening, for example, C3H110T1/2 progenitor cells. The 
resulting host cells are used in the selection and screening methods described 
throughout the application, using libraries prepared in v7.5/tk/Gus/D4R. 
Differentiation results in the induction of expression of the D4R gene product. 
Expression of D4R complements the defect in the v7.5/tk/Gus/D4R genomes 
in which the libraries are produced, allowing the production of infectious virus 
particles. 
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EXAMPLE21 
Method to Identify Upstream Genes 

[0866] Once a polynucleotide of interest is identified, the methods of the 

present invention may be used to identify other polynucleotides (e.g., genes) 
that regulate expression of that polynucleotide. 
[0867] The method is similar to those previously described herein. This 

example uses a marker of breast cancer transformation, e.g., C35, as the 
polynucleotide being regulated However, any polynucleotide for which an 
upstream regulator is desired may be used in this method. 
[0868] The transcriptional regulatory region of, for example, C35 is cloned 

into a DNA construct in which it can drive expression of a selective gene 
product such as an epitope, suicide gene, or a gene that complements an 
otherwise replication defective viral vector. This construct is transferred into 
and expressed in host cells that do not normally express C35, e.g. normal non- 
tumorigenic breast epithelial cells. The host cells are then infected with a viral 
library recombinant for cDNA derived from a cell population that is 
undergoing or has undergone tumor transformation. Specific recombinants of 
any cDNA that induces expression of C35 are selected throu^bt activation of 
the selective construct. Expression of the selected cDNAs can then be 
characterized in a diverse panel of normal and tumor tissues to identify those 
genes that may serve as unique target molecules for cancer therapy (e.g., not 
expressed in adult normal tissues). Such therapy could include induction of 
immune responses or administration of therapeutic antibodies specific for 
products of the newly identified cDNAs. 
[0869] For example, genes could be identified that regulate a polynucleotide 

of interest involved in tumor transformation such as a marker of tumor 
transformation. Upstream regulators may be, in some cases, even more useful 
as a therapeutic targets than the polynucleotides/genes they regulate. For 
example, genes that regulate expression of a polynucleotide encoding a marker 
of tumor transformation may be especially useful because they have particular 
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properties such as surface membrane expression or are involved in particular 
pathways such as signal transduction that are therapeutic modes different from 
the initial polynucleotide of interest. In addition, such upstream regulators 
may be relevant to tumor transformation in . a wider range of tissues than the 
initial polynucleotide of interest For example, the same upstream genes that 
regulate overexpression of C35 in human breast and bladder cancer may also 
regulate overexpression of different tumor markers in lung and/or prostate 
cancer. Modes of therapy that target this upstream regulator (in contrast to 
targeting C35) would be useful in not only breast and bladder cancer but also 
in lung or prostate cancer. 
[08701 Using this method, upstream regulators of any polynucleotide - 

including those isolated by methods other than methods of the invention - for 
which the promoter region has been identified can be isolated or identified. 

EXAMPLE 22 

Attenuation of Poxvirus Mediated Host Shut-off by Reversible Inhibitor 

of DNA Synthesis 

[08711 As discussed infra, attenuated or defective virus is sometimes desired 

to reduce cytopathic effects. Cytopathic effects during virus infection might 
interfere with selection and identification of target polynucleotides that 
regulate specific gene expression in the host cell. Such effects can be 
attenuated with a reversible inhibitor of DNA synthesis such as hydroxyurea 
(HU) (Pogo, B.G. and Dales, S., Virology «(1):144-151 (1971). HU inhibits 
both cell and viral DNA synthesis by depriving replication complexes of 
deoxyribonucleotide precursors (Hendricks, S.P. and Mathews, C.K., /. Biol 
Chem. 273(45):29519-23 (1998)). Inhibition of viral DNA replication blocks 
late viral RNA transcription while allowing transcription and translation of 
genes under the control of early vaccinia promoters (Nagaya, A., et al, 
Virology 40(4): 1039-1051 (1970)). Thus, treatment with reversible inhibitor 
of DNA synthesis such as HU allows the detection of effects of target 
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polynucleotides (under the control, for example, of an early viral promoter) on 
host gene expression. Following appropriate incubation, HU inhibition can be 
reversed by washing the host cells so that the viral replication cycle continues 
and infectious recombinants can be recovered (Pogo, B.G. and Dales, S., 
Virology 43(\y.l44-l5l (1971)). 
[0872] The results in Figure 21 demonstrate that induction of type X collagen 

synthesis, a marker of chondrocyte differentiation, in C3H10T l A progenitor 
cells treated with BMP-2 (Bone Morphogenetic Protein-2) is blocked by 
vaccinia infection but that its synthesis can be rescued by HU mediated 
inhibition of viral DNA synthesis. When HU is removed from cultures by 
washing with fresh medium, viral DNA synthesis and assembly of infectious 
particles proceeds rapidly so that infectious viral particles can be isolated as 
soon as 2 hrs post-wash. C3H10T Vz cells were infected with WR vaccinia 
virus at MOI=l and 1 hour later either medium or 400 ng/ml of BMP-2 in the 
presence or absence of 2 mM HU was added. After a further 21 hour 
incubation at 37°C, HU was removed by washing with fresh medium. The 
infectious cycle was allowed to continue for another 2 hours to allow for 
initiation of viral DNA replication and assembly of infectious particles. At 24 
hours RNA was extracted from cells maintained under the 4 different culture 
conditions. Northern analysis was carried out using a type X collagen specific 
probe. The uninduced C3H10T1/2 cells have a mesenchymal progenitor cell 
phenotype and as such do not express type X collagen (first lane from left). 
Addition of BMP-2 to normal, uninfected C3H10T % cells induces 
differentiation into mature chondrocytes and expression of type X collagen 
(compare first and second lanes from left), whereas addition of BMP-2 to 
vaccinia infected C3H10T 54 cells fails to induce synthesis of type X collagen 
(third lane from left). In the presence of 2mM HU, BMP-2 induces type X 
collagen synthesis even in vaccinia virus infected C3H1 0T l A cells (fourth lane 
from left). 
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[0873] This strategy for attenuating viral cytopathic effects is applicable to 

other cell types and to selection of target polynucleotides that regulate 
expression of other host genes. 

EXAMPLE 23 
Expression Profiling 

[0874] Many of the screening andl/or selection methods described herein 

depend on expression of host cell genes or host cell transcriptional regulatory 
regions, which are directly or indirectly modified by target polynucleotides. It 
is important to note that many preferred embodiments of the present invention 
host cells are infected with a eukaryotic virus vector, preferably a poxvirus 
vector, and even more preferably a vaccinia virus vector. It is well understood 
by those of ordinary skill in the art that some host cell protein synthesis is 
rapidly shut down upon poxvirus infection in some cell lines, even in the 
absence of viral gene expression. This problem is not intractable, however, 
because in certain cell lines, inhibition of host protein synthesis remains 
incomplete until after viral DNA replication. See Moss, B., "Poxviridae and 
their Replication," in Virology, 2d Edition, Fields, B.N., et ah, eds., Raven 
Press (1990), p. 2096. It may be desirable to rapidly screen a variety of host 
cells for their ability to express gene products which are upregulated by a 
target polynucleotides upon infection by a virus vector, preferably a poxvirus 
vector, and even more preferably a vaccinia virus vector, and to screen desired 
host cells for differential expression of cellular genes upon virus infection. 
Expression profiling methods may be used to perform such screening. For 
example, expression profiling using microarrays is described in Duggan, D.J., 
et al, Nature Genet 21(1 Suppl):10-14 (1999), which is incorporated herein 
by reference in its entirety. 

[0875] According to this method, expression profiling is used to compare host 

cell gene expression patterns in uninfected host cells and host cells infected 
with a eukaryotic virus expression vector, preferably a poxvirus vector, even 
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more preferably a vaccinia virus vector, where the particular eukaryotic virus 
vector is the vector used to construct the library of the present invention. In 
this way, suitable host cells which continue to undergo expression of the 
necessary inducible proteins upon infection with a given virus, can be 
identified. 

[0876] Expression profiling is also used to compare host cell gene expression 

patterns in a given host cell, for example, comparing expression patterns when 
the host cell is infected with a fully infectious virus vector, and when the host 
cell is infected with a corresponding attenuated virus vector. Expression 
profiling in microarrays allows large-scale screening of host cells infected 
with a variety of attenuated viruses, where the attenuation is achieved in a 
variety of different ways, as described above. 

[0877] Using this method, expression profiling in microarrays may be used to 

identify suitable host cells, suitable transcription regulatory regions, and/or 
suitable attenuated viruses in any of the selection/screening methods described 
herein. 

EXAMPLE 24 

Additional Target Polynucleotides 

[0878] As discussed above, in some embodiments, a first plurality of cells is 

screened That is, the cells into which the library is introduced are screened for 
an altered phenotype. Thus, in this embodiment, the effect of the insert 
polynucleotides is seen in the same cells in which it is made; i.e. an autocrine 
effect Also discussed above, in some embodiments, the library is introduced 
into a first plurality of cells, and the effect of the insert polynucleotides is 
screened in a second or third plurality of cells, different from the first plurality 
of cells, i.e. generally a different cell type. That is, the effect of the insert 
polynucleotides is due to an extracellular effect on a second cell; i.e. an 
endocrine or paracrine effect. This is done using standard techniques. The first 
plurality of cells may be grown in or on one media, and the media is allowed 
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to touch a second plurality of cells, and the effect measured. Alternatively, 
there may be direct contact between the cells. Thus, "contacting" is functional 
contact, and includes both direct and indirect. In this embodiment, the first 
plurality of cells may or may not be screened. 
0879] If necessary, the cells are treated to conditions suitable for the 

expression of the insert polynucleotides (for example, when inducible 
promoters are used), to produce the insert polynucleotides. 
[0880] Thus, the methods of the present invention comprise introducing a 

library of insert polynucleotides into a plurality of cells, a cellular library. 
Each of the insert polynucleotides may comprise a different, generally 
randomized, nucleotide sequence, or may be a portion of a cDNA, etc, as 
described above. The plurality of cells is then screened, as has been described 
above, for a cell exhibiting an altered phenotype. The altered phenotype is due 
to the presence of a target polynucleotide. 
[0881] By "altered phenotype" or "changed physiology" or other grammatical 

equivalents herein is meant that the phenotype of the cell is altered in some 
way, preferably in some detectable and/or measurable way. As will be 
appreciated in the art, a strength of the present invention is the wide variety of 
cell types and potential phenotypic changes which may be tested using the 
present methods. Accordingly, as described above, any phenotypic change 
which may be observed, detected, or measured may be the basis of the 
screening methods herein. Suitable phenotypic changes include, but are not 
limited to: gross physical changes such as changes in cell morphology, cell 
growth, cell viability, adhesion to substrates or other cells, and cellular 
density; changes in the expression of one or more RNAs, proteins, lipids, 
hormones, cytokines, or other molecules; changes in the equilibrium state (i.e. 
half-life) or one or more RNAs, proteins, lipids, hormones, cytokines, or other 
molecules; changes in the localization of one or more RNAs, proteins, lipids, 
hormones, cytokines, or other molecules; changes in the bioactivity or specific 
activity of one or more RNAs, proteins, lipids, hormones, cytokines, receptors, 
or other molecules; changes in the secretion of ions, cytokines, hormones, 
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growth factors, or other molecules; alterations in cellular membrane potentials, 
polarization, integrity or transport; changes in infectivity, susceptibility, 
latency, adhesion, and uptake of viruses and bacterial pathogens; etc. By 
"capable of altering the phenotype" herein is meant that the target 
polynucleotide can change the phenotype of the cell in some detectable and/or 
measurable way. See Examples 26-29. 
[0882] The altered phenotype may be detected in a wide variety of ways, as is 

described above and below, and will generally depend and correspond to the 
phenotype that is being changed. Generally, the changed phenotype is detected 
using, for example: microscopic analysis of cell morphology; standard cell 
viability assays, including both increased cell death and increased cell 
viability, for example, cells that are now resistant to cell death via virus, 
bacteria, or bacterial or synthetic toxins; standard labeling assays such as 
fluorometric indicator assays for the presence or level of a particular cell or 
molecule, including FACS or other dye staining techniques; biochemical 
detection of the expression of target compounds after killing the cells; etc. In 
some cases, as is more fully described herein, the altered phenotype is detected 
in the cell in which the randomized nucleic acid was introduced; in other 
embodiments, the altered phenotype is detected in a second cell which is 
responding to some molecular signal from the first cell. 
[0883] An altered phenotype of a cell indicates the presence of a target 

polynucleotide. By "transdominant" herein is. meant that the target 
polynucleotide indirectly causes the altered phenotype by acting on a second 
molecule, which leads to an altered phenotype. That is, a transdominant 
expression product has an effect that is not in cis, i.e., a trans event as defined 
in genetic terms or biochemical terms. A transdominant effect is a 
distinguishable effect by a molecular entity (i.e., the encoded peptide or RNA) 
upon some separate and distinguishable molecule; that is, not an effect upon 
the encoded entity itself. As such, transdominant effects include many well- 
known effects by pharmacologic agents upon molecules or pathways in cells 
or physiologic systems; for instance, the P-lactam antibiotics have a 
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transdominant effect upon peptidoglycan synthesis in bacterial cells by 
binding to penicillin binding proteins and disrupting their functions. An 
exemplary transdominant effect by a peptide encoded by a target 
polynucleotide is the ability to inhibit NF-KB signaling by binding to KB-a at 
a region critical for its function, such that in the presence of sufficient amounts 
of the encoded peptide (or encoded RNA), the signaling pathways that 
normally lead to the activation of NF-KB through phosphorylation and/or 
degradation of IKB-a are inhibited from acting at IKB-a because of the 
binding of the encoded peptide or encoded RNA. In another instance, 
signaling pathways that are normally activated to secrete IgE are inhibited in 
the presence of encoded peptide. Or, signaling pathways in adipose tissue 
cells, normally quiescent, are activated to metabolize fat Or, in the presence 
of a peptide, intracellular mechanisms for the replication of certain viruses, 
such as HIV-I, or Herpes viridae family members, or Respiratory Syncytial 
Virus, for example, are inhibited. 
[0884] A transdominant effect upon a protein or molecular pathway is clearly 

distinguishable from randomization, change, or mutation of a sequence within 
a protein or molecule of known or unknown function to enhance or diminish a 
biochemical ability that protein or molecule already manifests. For instance, a 
protein that enzymatically cleaves P-lactam antibiotics, a P-lactamase, could 
be enhanced or diminished in its activity by mutating sequences internal to its 
structure that enhance or diminish the ability of this enzyme to act upon and 
cleave P-lactam antibiotics. This would be called a cis mutation to the protein. 
The effect of this protein upon P-lactam antibiotics is an activity the protein 
already manifests, to a distinguishable degree. Similarly, a mutation in the 
leader sequence that enhanced the export of this protein to the extracellular 
spaces wherein it might encounter P-lactam molecules more readily, or a 
mutation within the sequence that enhance the stability of the protein, would 
be termed cis mutations in the protein. For comparison, a transdominant 
effector of this protein would include an agent encoded by a target 
polynucleotide, independent of the P-lactamase, that bound to the P-lactamase 
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in such a way that it enhanced or diminished the function of the p-lactamase 
by virtue of its binding to p-lactamase. 

[0885] In general, cis-effects are effects within molecules wherein elements 

that are interacting are covalently joined to each other although these elements 
migjht individually manifest themselves as separable domains. Trans-effects 
(transdominant in that under some cellular conditions the desired effect is 
manifested) are those effects between distinct molecular entities, such that 
molecular entity A, not covalently linked to molecular entity B, binds to or 
otherwise has an effect upon the activities of entity B. As such, most known 
pharmacological agents are transdominant effectors. 

[0886] In a preferred embodiment, once a cell with an altered phenotype is 

detected, the cell is isolated from the plurality which do not have altered 
phenotype. This may be done in any number of ways, as is known in the art, 
and will in some instances depend on the assay or screen. Suitable isolation 
techniques include, but are not limited to, FACS, lysis selection using 
complement or CTLs cell cloning, scanning by Fluorimager, expression of a 
"survival 11 protein, expression of a suicide gene, induced expression of a cell 
surface protein or other molecule that can be rendered fluorescent or taggable 
for physical isolation; expression of an enzyme that changes a non-fluorescent 
molecule to a fluoroscent one; overgrowth against a background of no or slow 
growth; death of cells and isolation of DNA or other cell vitality indicator 
dyes, etc., including those described above. 

[0887] In a preferred embodiment, the target polynucleotide is isolated from 

the positive cell, as described above. 

[0888] In a preferred embodiment, either the target polynucleotide or the 

molecule it encodes is used to identify interacting molecules, i.e. the 
molecules with which the encoded target molecule interacts. As will be 
appreciated by those in the art, there may be primary interacting molecules, to 
which the encoded target molecule binds or acts upon directly, and there may 
be secondary interacting molecules, which are part of the signalling pathway 
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affected by the encoded target molecule; these might be termed "validated 
targets". 

[0889] Li a preferred embodiment, the target polynucleotide is used to pull out 

interacting molecules. For example, as outlined herein, if the target molecules 
are proteins, the use of epitope tags or purification sequences can allow the 
purification of primary interacting molecules via biochemical means (co- 
immunoprecipitation, affinity columns, etc.). Alternatively, the encoded 
peptide, when expressed in bacteria and purified, can be used as a probe 
against a cDNA expression library made from mRNA of the relevant cell type. 
Or, encoded peptides can be used as "bait" in either yeast or mammalian two 
or three hybrid systems. Such interaction cloning approaches have been very 
useful to isolate DNA-binding proteins and other interacting protein 
components. The peptide(s) can be combined with other pharmacologic 
activators to study the epistatic relationships of signal transduction pathways 
in question. It is also possible to synthetically prepare labeled peptide 
regulator polypeptide and use it to screen a cDNA library expressed in 
bacteriophage for those cDNAs which bind the peptide. Furthermore, it is also 
possible that one could use cDNA cloning via viral libraries to "complement" 
the effect induced by the peptide. In such a strategy, the peptide would be 
required to be stochiometrically titrating away some important factor for a 
specific signaling pathway. If this molecule or activity is replenished by over- 
expression of a cDNA from within a cDNA library, then one can clone the 
target. Similarly, cDNAs cloned by any of the above library systems can be 
reintroduced to mammalian cells in this manner to confirm that they act to 
complement function in the system the peptide acts upon. Other methods 
described above may be used to isolate molecules which regulate or interact 
with peptides and RNA encoded by target polynucleotides. 
[0890] Once primary interacting molecules have been identified, secondary 

interacting molecules may be identified in the same manner, using the primary 
interacting as the "bait". In this manner, signalling pathways may be 
elucidated. Similarly, regulator molecules specific for secondary interacting 
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molecules may also be discovered, to allow a number of regulator molecules 
to act on a single pathway, for example for combination therapies. 
[0891] The screening methods of the present invention may be useful to 

screen a large number of cell types under a wide variety of conditions. 
Generally, the host cells are cells that are involved in disease states, and they 
are tested or screened under conditions that normally result in undesirable 
consequences on the cells. When a suitable target polynucleotide is found, the 
undesirable effect may be reduced or eliminated. Alternatively, normally 
desirable consequences may be reduced or eliminated, with an eye towards 
elucidating the cellular mechanisms associated with the disease state or 
signalling pathway. 

[0892] In a preferred embodiment, the present methods are useful in cancer 

applications. The ability to rapidly and specifically kill tumor cells is a 
cornerstone of cancer chemotherapy. Iu general, using the methods of the 
present invention, libraries can be introduced into any tumor cell (primary or 
cultured), and target polynucleotides identified which by themselves induce 
apoptosis, cell death, loss of cell division or decreased cell growth. This may 
be done de novo, or by biased randomization toward known peptide agents, 
such as angiostatin, which inhibits blood vessel wall growth. Alternatively, the 
methods of the present invention can be combined with other cancer 
therapeutics (e.g. drugs or radiation) to sensitize the cells and thus induce 
rapid and specific apoptosis, cell death, loss of cell division or decreased cell 
growth after exposure to a secondary agent. Similarly, the present methods 
may be used in conjunction with known cancer therapeutics to screen for 
agonists to make the therapeutic more effective or less toxic. This is 
particularly preferred when the chemotherapeutic is very expensive to produce 
such as taxol. 

[0893] Known oncogenes such as v-Abl, v-Src, v-Ras, and others, induce a 

transformed phenotype leading to abnormal cell growth when transfected into 
certain cells. This is also a major problem with micro-metastases. Thus, in a 
preferred embodiment, non-transformed cells can be transfected with these 
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oncogenes, and then libraries introduced into these cells, to select for target 
polynucleotides which reverse or correct the transformed state. One of the 
signal features of oncogene transformation of cells is the loss of contact 
inhibition and the ability to grow in soft-agar. When transforming viruses are 
constructed containing v-Abl, v-Src, or v-Ras in viral vectors, infected into 
target 3T3 cells, and subjected to puromycin selection, all of the 3T3 cells 
hyper-transform and detach from the plate. The cells may be removed by 
washing with fresh medium. This can serve as the basis of a screen, since cells 
which express a target polynucleotides will remain attached to the plate and 
form colonies. 

[0894] Similarly, the growth and/or spread of certain tumor types is enhanced 

by stimulatory responses from growth factors and cytokines (PDGF, EGF, 
Heregulin, and others) which bind to receptors on the surfaces of specific 
tumors. In a preferred embodiment, the methods of the invention are used to 
inhibit or stop tumor growth and/or spread, by finding target polynucleotides 
capable of blocking the ability of the growth factor or cytokine to stimulate the 
tumor cell. The introduction of libraries into specific tumor cells with the 
addition of the growth factor or cytokine, followed by selection of target 
polynucleotides which block the binding, signaling, phenotypic and/or 
functional responses of these tumor cells to the growth factor or cytokine in 
question. 

[0895] Similarly, the spread of cancer cells (invasion and metastasis) is a 

significant problem limiting the success of cancer therapies. The ability to 
inhibit the invasion and/or migration of specific tumor cells would be a 
significant advance in the therapy of cancer. Tumor cells known to have a 
high metastatic potential (for example, melanoma, lung cell carcinoma, breast 
and ovarian carcinoma) can have libraries introduced into them, and target 
polynucleotides selected which in a migration or invasion assay, inhibit the 
migration and/or invasion of specific tumor cells. Particular applications for 
inhibition of the metastatic phenotype, which could allow a more specific 
inhibition of metastasis, include the metastasis suppressor gene NM23, which 
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codes for a dinucleoside diphosphate kinase. Thus intracellular peptide 
activators of this gene could block metastasis, and a screen for its upregulation 
(by fusing it to a reporter gene (e.g. indicator gene)) would be of interest 
Many oncogenes also enhance metastasis. Peptides which inactivate or 
counteract mutated RAS oncogenes, v-MOS, v-RAF, A-RAF, v-SRC, v-FES, 
and v-FMS would also act as anti-metastatics. Target polynucleotides which 
block the release of combinations of proteases required for invasion, such as 
the matrix metaHoproteases and urokinase, could also be effective 
antimetastatics. 

[0896] In a preferred embodiment, the libraries of the present invention are 

introduced into tumor cells known to have inactivated tumor suppressor genes, 
and successful reversal by either reactivation or compensation of the knockout 
would be screened by restoration of the normal phenotype. A major example 
is the reversal of p53-inactivating mutations, which are present in 50% or 
more of all cancers. Since p53's actions are complex and involve its action as a 
transcription factor, there are probably numerous potential ways a target 
polynucleotides could reverse the mutation.: One example would be 
upregulation of the immediately downstream cyclin-dependent kinase 
p21Cff 1/WAF1. To be useful such reversal would have to work for many of 
the different known p53 mutations. This is currently being approached by 
gene therapy; one or more small molecules which do this might be preferable. 
[0897] Another example involves screening of target polynucleotides which 

restore the constitutive function of the brca-1 or brca-2 genes, and other tumor 
suppressor genes important in breast cancer such as the adenomatous 
polyposis coli gene (APC) and the Drosophila discs-large gene (Dig), which 
are components of cell-cell junctions. Mutations of brca-1 are important in 
hereditary ovarian and breast cancers, and constitute an additional application 
of the present invention. 
[0898] In a preferred embodiment, the methods of the present invention are 

used to create novel cell lines from cancers from patients. A target 
polynucleotide which inhibits the final common pathway of programmed cell 
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death should allow for short- and possibly long-term cell lines to be 
established. Conditions of in vitro culture and infection of human leukemia 
cells will be established. There is a real need for methods which allow the 
maintenance of certain tumor cells in culture long enough to allow for 
physiological and pharmacological studies. Currently, some human cell lines 
have been established by the use of transforming agents such as Epstein-Barr 
virus that considerably alters the existing physiology of the cell. On occasion, 
cells will grow on their own in culture but this is a random event 
Programmed cell death (apoptosis) occurs via complex signaling pathways 
within cells that ultimately activate a final common pathway producing 
characteristic changes in the cell leading to a non-inflammatory destruction of 
the cell. It is well known that tumor cells have a high apoptotic index, or 
propensity to enter apoptosis in vivo. When cells are placed in culture, the in 
vivo stimuli for malignant cell growth are removed and cells readily undergo 
apoptosis. The objective would be to develop the technology to establish cell 
lines from any number of primary tumor cells, for example primary human 
leukemia cells, in a reproducible manner without altering the native 
configuration of the signaling pathways in these cells. By introducing target 
polynucleotides which inhibit apoptosis, increased cell survival in vitro, and 
hence the opportunity to study signalling transduction pathways in primary 
human tumor cells, is accomplished In addition, these methods may be used 
for culturing primary cells, i.e. non-tumor cells. 
[0899] In a preferred embodiment, the present methods are useful in 

cardiovascular applications. In a preferred embodiment, cardiomyocytes may 
be screened for the prevention of cell damage or death in the presence of 
normally injurious conditions, including, but not limited to, the presence of 
toxic drugs (particularly chemotherapeutic drugs), for example, to prevent 
heart failure following treatment with adriamycin; anoxia, for example in the 
setting of coronary artery occlusion; and autoimmune cellular damage by 
attack from activated lymphoid cells (for example as seen in post viral 
myocarditis and lupus). Insert polynucleotides are introduced into 
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cardiomyocytes, the cells are subjected to the insult, and target 
polynucleotides are selected thai prevent any or all of: apoptosis; membrane 
depolarization (i.e. decrease arrythmogenic potential of insult); cell swelling; 
or leakage of specific intracellular ions, second messengers and activating 
molecules (for example, arachidonic acid and/or lysophosphatidic acid). 

[0900] In a preferred embodiment, the present methods are used to screen for 

diminished arrhythmia potential in cardiomyocytes. The screens comprise the 
introduction of the insert polynucleotides encoding candidate target 
polynucleotides, followed by the application of arrythmogenic insults, with 
screening for target polynucleotides that block specific depolarization of cell 
membrane. This may be detected using patch clamps, or via fluorescence 
techniques). Similarly, channel activity (for example, potassium and chloride 
channels) in cardiomyocytes could be regulated using the present methods in 
order to enhance contractility and prevent or diminish arrhythmias. 

[0901] In a preferred embodiment, the present methods are used to screen for 

enhanced contractile properties of cardiomyocytes and diminish heart failure 
potential. The introduction of the libraries of the invention followed by 
measuring the rate of change of myosin polymerization/depolymerization 
using fluorescent techniques can be done. Target polynucleotides which 
increase the rate of change of this phenomenon can result in a greater 
contractile response of the entire myocardium, similar to the effect seen with 
digitalis. 

[0902] In a preferred embodiment, the present methods are useful to identify 

target polynucleotides that will regulate the intracellular and sarcolemmal 
calcium cycling in cardiomyocytes in order to prevent arrhythmias. Target 
polynucleotides are selected that regulate sodium-calcium exchange, sodium 
proton pump function, and regulation of calcium-ATPase activity. 

[0903] hi a preferred embodiment, the present methods are useful to identify 

molecules that diminish embolic phenomena in arteries and arterioles leading 
to strokes (and other occlusive events leading to kidney failure and limb 
ischemia) and angina precipitating a myocardial infarct are selected. For 
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example, target polynucleotides which will diminish the adhesion of platelets 
and leukocytes, and thus diminish the occlusion events. Adhesion in this 
setting can be inhibited by the libraries of the invention being inserted into 
endothelial cells (quiescent cells, or activated by cytokines, i.e. IL-1, and 
growth factors, i.e. PDGF / EGF) and then screening for target polynucleotides 
that either: 1) downregulate adhesion molecule expression on the surface of 
the endothelial cells (binding assay); 2) block adhesion molecule activation on 
the surface of these cells (signaling assay); or 3) release in an autocrine 
manner peptides that block receptor binding to the cognate receptor on the 
adhering cell. 

[0904] Embolic phenomena can also be addressed by activating proteolytic 

enzymes on the cell surfaces of endothelial cells, and thus releasing active 
enzyme which can digest blood clots. Thus, delivery of the libraries of the 
invention to endothelial cells is done, followed by standard fluorogenic assays, 
which will allow monitoring of proteolytic activity on the cell surface towards 
a known substrate. Target polynucleotides can then be selected which activate 
specific enzymes towards specific substrates. 

[0905] In a preferred embodiment, arterial inflammation in the setting of 

vasculitis and post-infarction can be regulated by decreasing the chemotactic 
responses of leukocytes and mononuclear leukocytes. This can be 
accomplished by blocking chemotactic receptors and their responding 
pathways on these cells. Libraries can be inserted into these cells, and the 
chemotactic response to diverse chemokines (for example, to the IL-8 family 
of chemokines, RANTES) is inhibited in cell migration assays. 

[0906] hi a preferred embodiment, arterial restenosis following coronary 

angioplasty can be controlled by regulating the proliferation of vascular 
intimal cells and capillary and/or arterial endothelial cells. Libraries can be 
inserted into these cell types and proliferation in response to specific stimuli is 
monitored. One application may be target polynucleotides which block the 
expression or function of c-myc and other oncogenes in smooth muscle cells 
to stop their proliferation. A second application may involve the expression of 
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libraries in vascular smooth muscle cells to selectively induce their apoptosis. 
Application of therapeutics derived from these target polynucleotides require 
targeted drug delivery, this is available with stents, hydrogel coatings, and 
infusion-based catheter systems. Target polynucleotides which downregulate 
endothelin-lA receptors or which block the release of the potent 
vasoconstrictor and vascular smooth muscle cell mitogen endothelin-1 may 
also be candidates for therapeutics. Target polynucleotides can be isolated 
from these libraries which inhibit growth of these cells, or which prevent the 
adhesion of other cells in the circulation known to release autocrine growth 
factors, such as platelets (PDGF) and mononuclear leukocytes, 
i The control of capillary and blood vessel growth is an important goal 

in order to promote increased blood flow to ischemic areas (growth), or to cut- 
off the blood supply (angiogenesis inhibition) of tumors. Libraries can be 
inserted into capillary endothelial cells and their growth monitored. Stimuli 
such as low oxygen tension and varying degrees of angiogenic factors can 
regulate the responses, and target polynucleotides isolated that produce the 
appropriate phenotype. Screening for antagonism of vascular endothelial cell 
growth factor, important in angiogenesis, would also be useful. 
] hi a preferred embodiment, the present methods are useful in screening 

for decreases in atherosclerosis producing mechanisms to find target 
polynucleotides that regulate LDL and HDL metabolism. Libraries can be 
inserted into the appropriate cells (including hepatocytes, mononuclear 
leukocytes, endothelial cells) and target polynucleotides selected which lead to 
a decreased release of LDL or diminished synthesis of LDL, or conversely to 
an increased release of HDL or enhanced synthesis of HDL. Target 
polynucleotides can also* be isolated from libraries which decrease the 
production of oxidized LDL, which has been implicated in atherosclerosis and 
isolated from atherosclerotic lesions. This could occur by decreasing its 
: expression, activating reducing systems or enzymes, or blocking the activity or 
production of enzymes implicated in production of oxidized LDL, such as 15- 
lipoxygenase in macrophages. 
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[0909] In a preferred embodiment, the present methods are used in screens to 

regulate obesity via the control of food intake mechanisms or diminishing the 
responses of receptor signaling pathways that regulate metabolism. Target 
polynucleotides that regulate or inhibit the responses of neuropeptide Y 
(NPY), cholecystokinin and galanin receptors, are particularly desirable. 
Libraries can be inserted into cells that have these receptors cloned into them, 
and inhibitory target polynucleotides selected that are secreted in an autocrine 
manner that block the signaling responses to galanin and NPY. In a similar 
manner, target polynucleotides can be found that regulate the leptin receptor. 
[0910] In a preferred embodiment, the present methods are useful in 

neurobiology applications. Libraries may be used for screening for anti- 
apoptotics for preservation of neuronal function and prevention of neuronal 
death. Initial screens would be done in cell culture. One application would 
include prevention of neuronal death, by apoptosis, in cerebral ischemia 
resulting from stroke. Apoptosis is known to be blocked by neuronal apoptosis 
inhibitory protein (NAIP); screens for its upregulation, or effecting any 
coupled step could yield peptides which selectively block neuronal apoptosis. 
Other applications include neurodegenerative diseases such as Alzheimer's 
disease and Huntington's disease. 
[0911] In a preferred embodiment, the present methods are useful in bone 

biology applications. Osteoclasts are known to play a key role in bone 
remodeling by breaking down "old" bone, so that osteoblasts can lay down 
"new" bone. la osteoporosis one has an imbalance of this process. Osteoclast 
overactivity can be regulated by inserting libraries into these cells, and then 
looking for target polynucleotides that produce: 1) a diminished processing of 
collagen by these cells; 2) decreased pit formation on bone chips; and 
3) decreased release of calcium from bone fragments. 
[0912] * The present methods may also be used to screen for agonists of bone 
morphogenic proteins, hormone mimetics to stimulate, regulate, or enhance 
new bone formation (in a manner similar to parathyroid hormone and 
calcitonin, for example). These have use in osteoporosis, for poorly healing 
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fractures, and to accelerate the rate of healing of new fractures. Furthermore, 
cell lines of connective tissue origin can be treated with candidate libraries and 
screened for their growth, proliferation, collagen stimulating activity, and/or 
proline incorporating ability on the target osteoblasts. Alternatively, libraries 
can be expressed directly in osteoblasts or chondrocytes and screened for 
increased production of collagen or bone. 
[0913] In a preferred embodiment, the present methods are useful in skin 

biology applications. Keratinocyte responses to a variety of stimuli may result 
in psoriasis, a proliferative change in these cells. Libraries can be inserted into 
cells removed from active psoriatic plaques, and target polynucleotides 
isolated which decrease the rate of growth of these cells. 
[0914] In a preferred embodiment, the present methods are useful in the 

regulation or inhibition of keloid formation (i.e. excessive scarring). Libraries 
are inserted into skin connective tissue cells isolated from individuals with this 
condition, and target polynucleotides are isolated that decrease proliferation, 
collagen formation, or proline incorporation. Results from this work can be 
extended to treat the excessive scarring that also occurs in burn patients. If a 
common peptide motif is found in the context of the keloid work, then it can 
be used widely in a topical manner to diminish scarring post burn. 
[0915] Similarly, wound healing for diabetic ulcers and other chronic "failure 

to heal" conditions in the skin and extremities can be regulated by providing 
additional growth signals to cells which populate the skin and dermal layers. 
Growth factor mimetics may in fact be very useful for this condition. 
Libraries can be inserted into skin connective tissue cells, and target 
polynucleotides isolated which promote the growth of these cells under 
"harsh" conditions, such as low oxygen tension, low pH, and the presence of 
inflammatory mediators. 
[0916] Cosmeceutical applications of the present invention include the control 

of melanin production in skin melanocytes. A naturally occurring peptide, 
arbutin, is a tyrosine hydroxylase inhibitor, a key enzyme in the synthesis of 
melanin. Libraries can be inserted into melanocytes and known stimuli that 
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increase the synthesis of melanin is applied to the cells. Target polynucleotides 
can be isolated that inhibit the synthesis of melanin under these conditions. 
[0917] In a preferred embodiment, the present methods are useful in 

endocrinology applications. The library technology can be applied broadly to 
any endocrine, growth factor, cytokine or chemokine network which involves 
a signaling peptide or protein that acts in either an endocrine, paracrine or 
autocrine maimer that binds or dimerizes a receptor and activates a signaling 
cascade that results in a known phenotypic or functional outcome. The 
methods are applied so as to isolate a peptide which either mimics the desired 
hormone (i.e., insulin, leptin, calcitonin, PDGF, EGF, EPO, GMCSF, IL1-17, 
mimetics) or inhibits its action by either blocking the release of the hormone, 
blocking its binding to a specific receptor or carrier protein (for example, CRF 
binding protein), or inhibiting the intracellular responses of the specific cells 
to that hormone. Selection of target polynucleotides which increase the 
expression or release of hormones from the cells which normally produce 
them could have broad applications to conditions of hormonal deficiency. 
[0918] In a preferred embodiment, the present methods are useful in infectious 

disease applications. Viral latency (herpes viruses such as CMV, EBV, HBV, 
and other viruses such as HIV) and their reactivation are a significant problem, 
particularly in immunosuppressed patients (patients with AIDS and transplant 
patients). The ability to block the reactivation and spread of these viruses is an 
important goal. Cell lines known to harbor or be susceptible to latent viral 
infection can be infected with the specific virus, and then stimuli applied to 
these cells which have been shown to lead to reactivation and viral replication. 
This can be followed by measuring viral titers in the medium and scoring cells 
for phenotypic changes. Libraries can then be inserted into these cells under 
the above conditions, and target polynucleotides are isolated which block or 
diminish the growth and/or release of the virus. As with chemotherapeutics, 
these experiments can also be done with drugs which are only partially 
effective towards this outcome, and target polynucleotides isolated which 
enhance the virucidal effect of these drugs. 
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[0919] One example of many is the ability to block HIV-1 infection. HTV-1 
requires CD4 and a co-receptor which can be one of several seven 
transmembrane G-protein coupled receptors. In the case of the infection of 
macrophages, CCR-5 is the required co-receptor, and there is strong evidence 
that a block on CCR-5 will result in resistance to HIV-1 infection. There are 
two lines of evidence for this statement First, it is known that the natural 
ligands for CCR-5, the CC chemokines RANTES, MlPla and MOP lb are 
responsible for CD8+ mediated resistance to HIV. Second, individuals 
homozygous for a mutant allele of CCR-5 are completely resistant to HIV 
infection. Thus, an inhibitor of the CCR-5/HTV interaction would be of 
enormous interest to both biologists and clinicians. One infects a cell line that 
expresses CCR-5 with viral vectors containing library. Using an antibody to 
CCR-5 one can use FACS to sort desired cells based on the binding of this 
antibody to the receptor. All cells which do not bind the antibody will be 
assumed contain target polynucleotides which inhibit expression of this 
antibody binding site. These target polynucleotides can be further assayed for 
their ability to inhibit HTV-1 entry. 

[09201 Viruses are known to enter cells using specific receptors to bind to 

cells (for example, HIV uses CD4, coronavirus uses CD13, murine leukemia 
virus uses transport protein, and measles virus usesCD44) and to fuse with 
cells (HIV uses chemokine receptor). Libraries can be inserted into target cells 
known to be permissive to these viruses, and target polynucleotides are 
isolated which block the ability of these viruses to bind and fuse with specific 
target cells. 

[0921] In a preferred embodiment, the present invention finds use with 

infectious organisms. Intracellular organisms such as mycobacteria, listeria, 
salmonella, Pneumocystis, yersinia, leishmania, T. cruzi, can persist and 
replicate within cells, and become active in immunosuppressed patients. There 
are currently drugs on the market and in development which are either only 
partially effective or ineffective against these organisms. Libraries can be 
inserted into specific cells infected with these organisms (pre- or post- 
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infection), and target polynucleotides selected which promote the intracellular 
destruction of these organisms in a manner analogous to intracellular 
"antibiotic peptides" similar to magainins. In addition target polynucleotides 
can be selected which enhance the cidal properties of drugs already under 
investigation which have insufficient potency by themselves, but when 
combined with a specific peptide from a candidate library, are dramatically 
more potent through a synergistic mechanism. Finally, target polynucleotides 
can be isolated which alter the metabolism of these intracellular organisms, in 
such a way as to terminate their intracellular life cycle by inhibiting a key 
organismal event. 

[0922] Antibiotic drugs that are widely used have certain dose dependent, 

tissue specific toxicities. For example renal toxicity is seen with the use of 
gentamicin, tobramycin, and amphotericin; hepatotoxicity is seen with the use 
of INH and rifampin; bone marrow toxicity is seen with chloramphenicol; and 
platelet toxicity is seen with ticarcillin, etc. These toxicities limit their use. 
Libraries can be introduced into the specific cell types where specific changes 
leading to cellular damage or apoptosis by the antibiotics are produced, and 
target polynucleotides can be isolated that confer protection, when these cells 
are treated with these specific antibiotics. 
[0923] Furthermore, the present invention finds use in screening for target 

polynucleotides that block antibiotic transport mechanisms. The rapid 
secretion from the blood stream of certain antibiotics limits their usefulness. 
For example penicillins are rapidly secreted by certain transport mechanisms 
in the kidney and choroid plexus in the brain. Probenecid is known to block 
this transport and increase serum and tissue levels. Insert polynucleotides can 
be introduced into specific cells derived from kidney cells and cells of the 
choroid plexus known to have active transport mechanisms for antibiotics. 
Target polynucleotides can then be isolated which block the active transport of 
specific antibiotics and thus extend the serum half life of these drugs. 
[0924] In a preferred embodiment, the present methods are useful in drug 

toxicities and drug resistance applications. Drug toxicity is a significant 
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clinical problem. This may manifest itself as specific tissue or cell damage 
with the result that the drug's effectiveness is limited. Examples include 
myeloablation in high dose cancer chemotherapy, damage to epithelial cells 
lining the airway and gut, and hair loss. Specific examples include adriamycin 
induced cardiomyocyte death, cisplatinin-induced kidney toxicity, vincristine- 
induced gut motility disorders, and cyclosporin-induced kidney damage. 
Libraries can be introduced into specific cell types with characteristic drug- 
induced phenotypic or functional responses, in the presence of the drugs, and 
target polynucleotides isolated which reverse or protect the specific cell type 
against the toxic changes when exposed to the drug. These effects may 
manifest as blocking the drug induced apoptosis of the cell of interest, thus 
initial screens will be for survival of the cells in the presence of high levels of 
drugs or combinations of drags used in combination chemotherapy. 

[0925] Drug toxicity may be due to a specific metabolite produced in the liver 

or kidney which is highly toxic to specific cells, or due to drug interactions in 
the liver which block or enhance the metabolism of an administered drug. 
Libraries can be introduced into liver or kidney cells following the exposure of 
these cells to the drug known to produce the toxic metabolite. Target 
polynucleotides can be isolated which alter how the liver or kidney cells 
metabolize the drug, and specific molecules identified which prevent the 
generation of a specific toxic metabolite. The generation of the metabolite can 
be followed by mass spectrometry, and phenotypic changes can be assessed by 
microscopy. Such a screen can also be done in cultured hepatocytes, 
cocultured with readout cells which are specifically sensitive to the toxic 
metabolite. Applications include reversible (to limit toxicity) inhibitors of 
enzymes involved in drug metabolism. 

[0926] Multiple drug resistance, and hence tumor cell selection, outgrowth, 

and relapse, leads to morbidity and mortality in cancer patients. Libraries can 
be introduced into tumor cell lines (primary and cultured) that have 
demonstrated specific or multiple drug resistance. Target polynucleotides can 
then be identified which confer drug sensitivity when the cells are exposed to 
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the drug of interest, or to drugs used in combination chemotherapy. The 
readout can be the onset of apoptosis in these cells, membrane permeability 
changes, the release of intracellular ions and fluorescent markers. The cells in 
which multidrug resistance involves membrane transporters can be preloaded 
with fluorescent transporter substrates, and selection carried out for peptides 
which block the normal efflux of fluorescent drug from these cells. Libraries 
are particularly suited to screening for encoded peptides which reverse poorly 
characterized or recently discovered intracellular mechanisms of resistance or 
mechanisms for which few or no chemosensitizers currently exist, such as 
mechanisms involving LRP (lung resistance protein). This protein has been 
implicated in multidrug resistance in ovarian carcinoma, metastatic malignant 
melanoma, and acute myeloid leukemia. Particularly interesting examples 
include screening for target polynucleotides which reverse more than one 
important resistance mechanism in a single cell, which occurs in a subset of 
the most drug resistant cells, which are also important applications. 
Applications would include screening for inhibitors of both MRP (multidrug 
resistance related protein) and LRP for treatment of resistant cells in 
metastatic melanoma, for inhibitors of both p-glycoprotein and LRP in acute 
myeloid leukemia, and for inhibition (by any mechanism) of all three proteins 
for treating pan-resistant cells. 
[0927] In a preferred embodiment, the present methods are useful in 

improving the performance of existing or developmental drugs. First pass 
metabolism of orally administered drugs limits their oral bioavailability, and 
can result in diminished efficacy as well as the need to administer more drug 
for a desired effect Reversible inhibitors of enzymes involved in first pass 
metabolism may thus be a useful adjunct enhancing the efficacy of these 
drugs. First pass metabolism occurs in the liver, thus inhibitors of the 
corresponding catabolic enzymes may enhance the effect of the cognate drugs. 
Reversible inhibitors would be delivered at the same time as, or slightly 
before, the drug of interest Screening of libraries in hepatocytes for inhibitors 
(by any mechanism, such as protein downregulation as well as. a direct 
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inhibition of activity) of particularly problematical isozymes would be of 
interest. These include the CYP3A4 isozymes of cytochrome P450, which are 
involved in the first pass metabolism of the anti-HIV drugs saquinavir and 
indinavir. Other applications could include reversible inhibitors of UDP- 
glucuronyltransferases, sulfotransferases, N-acetyltransferases, epoxide 
hydrolases, and glutathione S-transferases, depending on the drug. Screens 
would be done in cultured hepatocytes or liver microsomes, and could involve 
antibodies recognizing the specific modification performed in the liver, or 
cocultured readout cells, if the metabolite had a different bioactivity than the 
untransfoimed drug. The enzymes modifying the drug would not necessarily 
have to be known, if screening was for lack of alteration of the drug. 
[0928] In a preferred embodiment, the present methods are useful in 

immunobiology, inflammation, and allergic response applications. Selective 
regulation of T lymphocyte responses is a desired goal in order to modulate 
immune-mediated diseases in a specific manner. Libraries can be introduced 
into specific T cell subsets (TH1, TH2, CD4+, CD8+, and others) and the 
responses which characterize those subsets (cytokine generation, cytotoxicity, 
proliferation in response to antigen being presented by a mononuclear 
leukocyte, and others) modified by members of the library. Target 
polynucleotides can be selected which increase or diminish the known T cell 
subset physiologic response. This approach will be useful in any number of 
conditions, including: 1) autoimmune diseases where one wants to induce a 
tolerant state (select a peptide that inhibits T cell subset from recognizing a 
self-antigen bearing cell); 2) allergic diseases where one wants to decrease the 
stimulation of IgE producing cells (select peptide which blocks release from T 
cell subsets of specific B-cell stimulating cytokines which induce switch to 
IgE production); 3) in transplant patients where one wants to induce selective 
immunosuppression (select peptide that diminishes proliferative responses of 
host T cells to foreign antigens); 4) in lymphoproliferative states where one 
wants to inhibit the growth or sensitize a specific T cell tumor to 
chemotherapy and/or radiation; 5) in tumor surveillance where one wants to 
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inhibit the killing of cytotoxic T cells by Fas ligand bearing tumor cells; and 5) 
in T cell mediated inflammatory diseases such as Rheumatoid arthritis, 
Connective tissue diseases (SLE), Multiple sclerosis, and inflammatory bowel 
disease, where one wants to inhibit the proliferation of disease-causing T cells 
(promote their selective apoptosis) and the resulting selective destruction of 
target tissues (cartilage, connective tissue, oligodendrocytes, gut endothelial 
cells, respectively). 

[0929] Regulation of B cell responses will permit a more selective modulation 

of the type and amount of immunoglobulin made and secreted by specific B 
cell subsets. Libraries can be inserted into B cells and target polynucleotides 
selected which inhibit the release and synthesis of a specific immunoglobulin. 
This may be useful in autoimmune . diseases characterized by the 
overproduction of auto antibodies and the production of allergy causing 
antibodies, such as IgB. Target polynucleotides can also be identified which 
inhibit or enhance the binding of a specific immunoglobulin subclass to a 
specific antigen either foreign of self. Finally, target polynucleotides can be 
selected which inhibit the binding of a specific immunoglobulin subclass to its 
x receptor on specific cell types. 

[0930] Similarly, target polynucleotides which affect cytokine production may 

be selected, generally using two cell systems. For example, cytokine 
production from macrophages, monocytes, etc. may be evaluated. Similarly, 
molecules which mimic cytokines, for example erythropoetin and ELI -17, may 
be selected, or molecules that bind cytokines such as TNF-.alpha, before they 
bind their receptor. 

[0931] Antigen processing by mononuclear leukocytes (ML) is an important 

early step in the immune system ! s ability to recognize and eliminate foreign 
proteins. Insert polynucleotides can be introduced into ML cell lines and target 
polynucleotides selected which alter the intracellular processing of foreign 
peptides and sequence of the foreign peptide that is presented to T cells by 
MLs on their cell surface in the context of Class II MHC. One can look for 
members of the library that enhance immune responses of a particular T cell 
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subset (for example, the peptide would in fact work as a vaccine), or look for a 
library member that binds more tightly to MHC, thus displacing naturally 
occurring peptides, but nonetheless the agent would be less immunogenic (less 
stimulatory to a specific T cell clone). This target polynucleotide would in 
fact induce immune tolerance and/or diminish immune responses to foreign 
proteins. This approach could be used in transplantation, autoimmune 
diseases, and allergic diseases. 

[0932] The release of inflammatory mediators (cytokines, leukotrienes, 

prostaglandins, platelet activating factor, histamine, neuropeptides, and other 
peptide and lipid mediators) is a key element in maintaining and amplifying 
aberrant immune responses. Libraries can be inserted into MLs, mast cells, 
eosinophils, and other cells participating in a specific inflammatory response, 
and target polynucleotides selected which inhibit the synthesis, release and 
binding to the cognate receptor of each of these types of mediators. 

[0933] In a preferred embodiment, the present methods are useful in 

biotechnology applications. Library expression in mammalian cells can also be 
considered for other pharmaceutical-related applications, such as modification 
of protein expression, protein folding, or protein secretion. One such example 
would be in commercial production of protein pharmaceuticals in CHO or 
other cells. Libraries resulting in target polynucleotides which select for an 
increased cell growth rate (perhaps peptides mimicking growth factors or 
acting as agonists of growth factor signal transduction pathways), for pathogen 
resistance (see previous section), for lack of sialylation or glycosylation (by 
blocking glycotransferases or rerouting trafficking of the protein in the cell), 
for allowing growth on autoclaved media, or for growth in serum free media, 
would all increase productivity and decrease costs in the production of protein 
pharmaceuticals. 

[0934] Target polynucleotides encoding polypeptides or peptides displayed on 

the surface of circulating cells can be used as tools to identify organ, tissue, 
and cell specific peptide targeting sequences. Any cell introduced into the 
bloodstream of an animal expressing a library targeted to the cell surface can 
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be selected for specific organ and tissue targeting. The target polynucleotide 
sequence identified can then be coupled to an antibody, enzyme, drug, 
imaging agent or substance for which organ targeting is desired 
[0935] Other target polynucleotides which may be selected using the present 

invention include: 1) target polynucleotides which block the activity of 
transcription factors, using cell lines with reporter genes; 2) target 
. polynucleotides which block the interaction of two known proteins in cells, 
using the absence of normal cellular functions, the mammalian two hybrid 
system or fluorescence resonance energy transfer mechanisms for detection; 
and 3) target polynucleotides may be identified by tethering a random peptide 
to a protein binding region to allow interactions with molecules sterically 
close, i.e. within a signalling pathway, to localize the effects to a functional 
area of interest. 

EXAMPLE 25 

In vitro Depletion of T Cells Specific for Alloantigens 

[0936] Human peripheral blood T lymphocytes were stimulated in vitro with 

autologous dendritic cells (DC) that were pulsed with lysate from allogeneic 
prostate tumor cell lines. After several cycles of restimulation with dendritic 
cells pulsed with tumor lysate, the CTL were tested for reactivity against 
tumor and the formal prostate epithelial cells from which they were derived 
by oncogene transformation. The NK-sensitive target, K562, was included as 
a control for non-specific lysis. The results in Table 15 demonstrate that these 
T cells were not only capable of lysing the tumor, but were equally reactive 
against the normal prostate cells. These data indicate that a strong T cell 
response is induced to tissue-specific antigens and/or alloantigens that are 
common to tumor and normal cells from Hie same donor and that are presented 
to allogeneic T cells by the dendritic cells. In order to isolate a minority 
population of tumor-specific T cells, it is therefore preferred to induce 
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tolerance or otherwise deplete T cells reactive to normal cellular antigens of 
the tumor donor. 

[0937] Bisindolyhnaleimide VIH (Bis VIE) is one of a class of protein kinase 

C (PKC) inhibitors that has been show to mediate apoptotic events. This 
compound dramatically enhances T cell sensitivity to activation induced cell 
death (AICD) (Zhou, T., et al t Nature Medicine 5:42-48 (1999)). Mouse 
splenic T cells activated by plate bound anti-CD3 antibody underwent dose 
dependent apoptosis in the presence of Bis VUL A dose of 10 mM induced 
almost 100% T cell death. This property provides a method for the in vitro 
elimination of alloactivated T cells. 

[09381 The protocol for T cell stimulation was modified as follows. 3 x 10 4 

immature DCs were incubated with 1 x 10 5 irradiated, apoptotic non- 
tumorigenic cells in 1 ml volumes of a 24-well plate for four hours in a 37°C, 
5% CO2, humidified incubator. 5 x 10 6 naive T cells (from the DC donor) 
were added to the wells for 24 hours. 10 mM Bis VET was then added and 
incubation continued for another 24-hours. This resulted in killing of 95% of 
the total number of T cells, presumably those activated by normal prostate 
antigens and allogeneic MHC molecules. All cells were removed from the 
wells and washed at least 3 times to remove residual Bis VUL The remaining 
tumor-specific T cells were "rescued" by restimulation for 12 days in vitro 
with fresh DCs pulsed with irradiated, apoptotic tumor cells. The selected 
cells continued to be restimulated every 12 days with tumor-pulsed DCs or 
irradiated tumor and autologous filler cells until their numbers were sufficient 
for cytokine ELISA and 51 Cr release assays. These CD8 + CTL were specific 
for a shared antigen expressed by 2 prostate tumor cell lines, but did not 
recognize the normal prostate epithelial cells nor K562 (Table 16). The 
difference in recognition at an effectontarget cell ratio of 5:1 is significant 
enough for use in antigen discovery. These CTL may be cloned and expanded 
to identify the shared antigen(s) being recognized. 
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TABLE 15 



Target 


10:1 


5:1 


2.5:1 


KiGT (tumor) 


37 


27 


18 


FNC267B1 (normal) 


32 


28 


15 


K562 


13 


6 


3 



[0939] Table 15. Non-tumor specific CTL induced by repeated stimulation 

with tumor-pulsed dendritic cells. Human peripheral blood T lymphocytes 
were serially stimulated by autologous dendritic cells pulsed with allogeneic 
tumor cell lysate (KiGT). After 3 stimulations, CTL were tested for the ability 
to lyse tumor cells or the normal prostate epithelial cells from which the tumor 
was derived by oncogene transformation. Numbers represent percent specific 
lysis at the indicated effectortarget cell ratios in a standard 4 hour 51 chromium 
release assay. 



TABLE 16 



Target 


30:1 


10:1 


5:1 


KiGT (tumor) 


62 


60 


48 


30Gy (tumor) 


69 


58 


44 


FNC267B1 (normal) 


16 


9 


6 



[0940] Table 16. Prostate tumor specific CTL induced by the bis VIII 

tolerance method. As described in the text, a protein kinase C inhibitor, bis 
Vm, was employed to deplete human T cells reactive to antigens of normal 
prostate epithelial cells (FNC267B1). The remaining tumor-specific T cells 
were rescued by stimulation with autologous dendritic cells pulsed with the 
KiGT tumor. Specificity of the selected T cells was tested in a chromium 
release assay. Shared antigens expressed by a closely related tumor cell line 
(30Gy) are also recognized. 
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EXAMPLE 26 

• Upstream Gene Identification: Regulation of the p53 Responsive-Element 
Reporter by p53 Expressed in Vaccinia Virus 

[0941J Example 21 describes the use of the invention to identify upstream 

genes i.e., genes that regulate the expression of a known regulatory region. An 
example of an upstream gene is p53. A transcriptional activator important in 
the onset of cancer, p53 is known to activate the expression of genes through a 
DNA sequence termed the p53 responsive-element (p53RE). Gene expression 
based on the p53RE is p53 dependent. 

[0942] To demonstrate that a single copy of an upstream gene is capable of 

activating expression of a target gene (e.g. a known promoter or regulatory 
region), a system was developed using p53 to activate reporter gene 
expression. The p5SRE-Luc (Stratagene) reporter construct was used to test 
the transcriptional activating activity of ectopically expressed p53. This 
construct contains 14 repeats of p53RE followed by a TATA box to drive 
expression of luciferase in the presence of p53. H1299 lung carcinoma cells 
(p53 null) were infected at a MOI of 1 with the recombinant vaccinia virus w- 
p53, which contains the gene for p53 under the control of the E/L promoter. 
Use of a MOI of greater than 1 did not provide a dramatically higher level of 
reporter activity in positive control cells (data not shown). The cells were then 
transiently transfected with the p53RE-Luc reporter construct. As a positive 
control, H1299 cells were cotransfected with p53RE-Luc and pC53-SN3, 
which drives the constitutive expression of p53 using the promoter from 
pCMV (Baker et al Science 249:912-915 (1990)). As another positive 
control, a p53 + control cell line, MEL 1700, which expresses endogenous p53, 
also was transfected with p53RE-Luc. Luciferase assays were performed 24 
hours after transfection. Table 17 shows the induction ratios of luciferase 
expression. 
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TABLE 17: Activation of the p53RE-Luc reporter construct 



Cell line 


Source of p53 


Reporter 


Normalized 
RLLTs* 


Ratio relative to 
empty reporter* 


H1299 




PGL3 - empty 


0.0112 




H1299 




p53RE-Luc 


0.0043 


0.38 


H1299 


pC53-SN3 


PGL3 - empty 


0.0062 




H1299 


pC53-SN3 


p53RE-Luc 


2.0961 


336 


H1299 


w-p53 


pCIS-CK - empty 


0.0069 




H1299 


w-p53 


p53RE-Lnc 


0.3677 


53 


MEL 
1700 


endogenous 


PGL3- empty 


0.0011 




MEL 
1700 


endogenous 


p53RE-Luc 


4.3168 


3823 



H1299 are null for p53. 

*RLU = relative li£ht units measuring luciferase expression. 



[0943] Although lower than the activating effect resulting from p53 driven by 

the pCMV promoter, p53 expressed from the vaccinia virus construct 
activated transcription greater than 50 fold. The results indicate that infecting 
with recombinant vaccinia virus is an effective way to introduce a single gene 
with the intact function of transcriptional activation. Furthermore, these 
results demonstrated the functional production of target polynucleotide (e.g. 
cDNA) under the control of an endogenous vaccinia virus promoter. The 
expression level of p53, or other candidate target polynucleotides, from the 
vaccinia virus construct is enhanced by placing them under the control of the 
D5 promoter or T7 promoter and using host cells that express 17 polymerase, 
as described in the Detailed Description. 
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EXAMPLE 27 

Functional Selection of an Upstream Gene Based on Transcription 

Deregulation. 

Isolation of p53 from a vaccinia virus recombinant cDNA library as a positive 
regulator of a p53RE-containing eGFP reporter 

[0944] A green fluorescent protein reporter gene, eGFP, under control of the 

p53RE regulatory region is used to isolate vaccinia virus containing p53 from 
a vaccinia virus cDNA library generated from a p53 + cell line, MEL 1700. 

Generation of an eGFP reporter construct and stable clones containing the 
reporter construct' 

[0945] To produce the p53RE-eGFP reporter construct, the p53KE and TATA 

box region of p53-Luc (Stratagene) were amplified by the polymerase chain 
reaction (PCR) using primers containing overhanging Nrul or BamHI 
recognition sequences on the 5' or 3* end, respectively. This amplified 
promoter fragment was then inserted into eGFP-pIREShyg (Clontech) 
upstream of the eGFP gene via the introduced restriction sites using standard 
molecular biology techniques. A promoter-eGFP cassette was amplified by 
PCR using primers with overhanging Xhol and EcoRI recognition sequences, 
which then were used to insert the amplified cassette into the retroviral vector 
pSIR (Clontech), which contains the selectable marker Neo . 

[0946] Infectious retrovirus were then produced by transfecting the 

appropriate packaging cell line with the pSIR-p53RE-eGFP construct, 
culturing the transfected cells, and collecting virus. The use of a retroviral 
vector allowed for higher efficiency transfer of the reporter construct. 

[0947] Stable clones containing the reporter construct were generated as 

previously described (Southern, P. J. and Berg, P., J. MoL AppL Genet 1:327- 
341 (1982)). Briefly, p53 null or low-expressing cells (e.g. H1299 cells) were 
infected with the pSIR-p53RE-eGFP retrovirus generated above. At an 
appropriate time thereafter, the cells were placed in medium containing G418 
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to select for Neo R cells. Cells surviving selection were stably integrated with 
the p53RE-eGFP reporter construct. 

Screening a recombinant vaccinia virus library for an insert capable of 
activating the p53RE-eGFP reporter 

[0948] A vaccinia virus library is generated as described in Examples 2, 8 or 

9, using a cell line that highly expresses p53 (e.g., MEL 1700) as the source 
for the cDNA inserts. This library is used to infect the stable p53RE-eGFP 
H1299 clones at an MOI of 1. Infection with vaccinia virus containing no 
insert is used as the negative control, while p53-recombinant vaccinia virus 
(w-p53) and pC53-SN3 are the positive controls (see Example 26). 
Fluorescence activated cell sorting (FACS) is performed about 18-24 hours 
post infection to detect and select for cells expressing eGFP from the p53RE 
reporter construct. Such cells contain library inserts that directly or indirectly 
transactivate (i.e., enhance or increase expression of) p53RE, as detected by 
expression of the p53RE-eGFP reporter construct. Vaccinia virus is recovered 
from sorted eGFP positive cells and used to perform additional cycles of 
infection and selection to enrich for viruses containing the transactivaotr(s) 
(i.e., target polynucleotide^)). These targets are sequenced to confirm their 
identity (Quinn, L. A., et at, Cancer Res. 39:4914-4924 (1979)). Isolation of 
p53 and other transactivators of p53RE confirms the usefulness of this method 
of the invention for isolating and identifying upstream genes. 

EXAMPLE 28 

Upstream Gene Identification: Other Promoters and Reporters 

Generating a reporter construct with the CEA promoter 

[0949] As Example 27 described, a reporter construct can be used to identify 

target polynucleotides that increase p53RE promoter-dependent transcription 
of a reporter molecule, either directly, through a polypeptide that the target 
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encodes, or indirectly through cellular factors with which the target interacts. 
This example describes other promoter regions that can be used to identify 
target polynucleotides that regulate the transcription of these promoters. 
10950] For example, to create a reporter construct using the CEA promoter, 

the CEA minimal promoter, -424 to -2 relative to the transcription start site 
found in Genbank AH003050 (Schrewe, H., et al, MoL Cell Biol. 10:2738- 
2748 (1990)) is amplified from human genomic DNA via PCR using sequence 
specific primers containing Nrul and BamHI recognition sequences. 
Alternatively, a 2 kb or larger fragment from immediately upstream of the 
transcription start site is subcloned using either PCR or a unique combination 
of restriction sites from human BAC clone Z21818 or AC008999 (Research 
Genetics), and this fragment is used as the template for PCR amplification 
instead of genomic DNA. The PGR product containing the isolated CEA 
minimal promoter is then subcloned in place of p53RE in the pSIR-p53RE- 
eGFP retroviral construct described in Example 27 utilizing the introduced 
restriction sites. Infectious retrovirus is produced by transfecting the 
appropriate packaging cell line with the pSIR-pCEA-eGFP construct, 
culturing the transfected cells, and collecting virus. 
[0951] As a control, to demonstrate that the -424 to -2 fragment of CEA 

achieves the expected level of activation, the PCR fragment is also cloned into 
the promoterless pGL3-basic luciferase reporter construct (Promega) and a 
dual luciferase reporter assay (Promega) is performed in high CEA-expressing 
(e.g. COLO 205 (ATCC CCL-222) and low CEA-expressing (e.g. COLO 
320DM (ATCC CCL-220)) cell lines. The high expressing cell line will 
express higher levels of the luciferase reporter. 

Generating stable cell lines containing the reporter construct 

[0952] Stable clones are generated as previously described (Southern, P. J. 

and Berg, P., J. Mol. Appi. Genet. 1:327-341 (1982)). Briefly, low CEA- 
expressing cells (e.g. COLO 320DM cells) are infected with the pSIR-pCEA- 
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eGFP retrovirus and stable clones are selected using G418. Stable clones are 
then tested for their ability to produce eGEP with and without the addition of a 
known CEA inducer, interferon gamma (IFNy) (Kanai, T., et al., Cancer Lett. 
71:109-117 (1993)). Alternatively, the pSIR-pCEA-eGFP construct is tested 
for the ability to produce eGEP by transiently transfecting it into high CEA- 
expressing cells (e.g. COLO 205 cells) and visually inspecting the cells using 
a fluorescence microscope. 

Generation of a vaccinia virus library and selection for targets capable of 
transactivating the CEA promoter. 

[0953] A vaccinia virus library is generated as described above in Examples 2, 

8, 9, and 28 using a cell line that highly expresses CEA (e.g., COLO 205 
(Semple, T. U., et al., Cancer Res. 38:1345-1355 (1978))) as the source for the 
cDNA inserts. COLO 205 cells have been used as a model for CEA mediated 
cell-cell adhesion (Kanai, T., et al., Cancer Lett. 71:109-117 (1993)). 
Furthermore, CEA expressed on the surface of COLO 205 cells has been used 
to target these cells for selective kilting (Twahashi, T., et al., Cancer Immunol. 
Immunother. 30:239-246 (1989)). The COLO 205-vaccinia virus library is 
used to infect the pSIR-pCEA-eGFP COLO 320 DM clones at an MOI of 1. 
Vaccinia virus containing no insert is used as a negative control. Flow 
cytometry is performed about 18-24 hours after infection. Cells expressing the 
CEA-eGFP reporter after infection are isolated and the vaccinia virus 
containing the candidate transactivators are enriched by multiple rounds of 
infection and cell sorting. Individual clones are confirmed (by testing for the 
ability to activate an endogenous CEA promoter as described below in 
Example 29) and sequenced. 
[0954] A person skilled in the art will readily recognize that this method is 

applicable to select targets that directly or indirectly interact with any 
promoter capable of being operably linked to a reporter, as described below. 
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Additional Promoters and Reporters Genes 

Other promoters and reporter genes can be easily used in this method. 
A partial list of candidate promoters is provided in Table 18. Alternative 
reporter gene products include, but are not limited to, an epitope, 
chloramphenicol acetyl transferase (CAT), green fluorescent protein (GFP), 
blue fluorescent protein (BFP), yellow fluorescent protein (YFP), red 
fluorescent protein (RFP), and p-galactosidase. Examples 7 and 29 describe 
several such promoters, reporters, and promoter-reporter constructs. 
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TABLE 18: Examples of promoter sequences for use in the method of the 

invention. 



Name 


SEQIDNO 


Disease 


References 


Human C35 
promoter 




cancer 
(e.g. breast) 


WO 01/74859 


Human ILK 
promoter 




cancer 
(e.g. prostate) 


Melchior, C. etal. 
Biochim Biophys Acta 
1575:117-22(2002); 
Oncogene 2001 Sep 
27;20(43):6250-7 


Human COX2 
promoter 




cancer 
(e.g. colorectal, 
pneochromocytoma, 
etc.) 


Lukiw, W. et al 
Proc. Natl Acad Sci. 
U,SA. 95:39 14-391 9 
(1998);SalmemaviK,J 
Clin Endocrinol Metab 

NOV^O^ll^DOID-y 


Human 
ECK/EPHA2 
promoter 




cancer 
(e.g. melanoma) 


Cancer Res 2001 Apr 

15;o1(o):3zdU-d; 
Cancer Res 2001 Mar 
l;61(5):2301-6 


Human TMPRSS2 
promoter 




cancer 
(e.g. prostate) 


Int J Cancer 2001 Dec 
1;94(5):705-10 


Human PRL3 
(PTP4AS) promoter 




cancer 
(e.g. colorectal) 


Science 294: 1343-1346, 
2001 


Human oMUKr/ 
promoter 




Ttmcnil rt—ctplp'fn 1 
lIlU£^UlU~ali.ClC UU 




Human collagen 
type-H alpha- 1 
promoter 




musculo-skeletal 


Vikkula,M.e/aL 
Biochem. J. 255:287-294 
(1992) 


Human collagen 
type-X alpha- 1 
promoter 




musculo-skeletal 


Beier, F. et al. 
Matrix Biol 75:415^22 
(1996) 


Human Bone 
gamma- 
carboxyglutamate 
promoter 
(Osteocalcin) 




musculo-skeletal 


Cancela, L. et al 
J. Biol Chem. 255:15040- 
15048 (1990) 


Human alkaline 
phosphatase 
promoter 
(liver/bone/kidney) 




musculo-skeletal 





A reporter construct is prepared as described in the examples above for 
p53RE and/or CEA and is transfected into a suitable host cell using standard 
molecular biology techniques. Suitable host cells are preferably those that 
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normally express the reporter gene at low levels. Therefore, expression of the 
reporter will be dependent on the target polynucleotide present in the vaccinia 
virus library. Alternatively, host cells that naturally express the reporter gene 
can be used and target polynucleotides (e.g. repressors or suppressors or 
inhibitors) that supress the natural levels of the promoter can be identified. 
[0957] Also as described above, a vaccinia virus library is constructed, 

preferably using cDNA from cells known to highly express the reporter gene 
and which therefore contain transactivators (e.g. activators or stimulators) of 
that promoter. The vaccinia virus library is used to infect the host cells 
containing the reporter construct. After infection, the host cells are monitored 
for reporter gene expression by any of the techniques described. To isolate 
positive regulators of the promoter, cells that display increased reporter 
activity are selected, preferably by FACS. To isolate negative regulators of 
the promoter, cells that display decreased reporter levels are selected, 
preferably by FACS. Vaccinia virus from the selected cells is preferably 
enriched, and the virus is extracted for characterization of the target. 

EXAMPLE 29 

Upstream Gene Identification: Endogenous gene expression 

[0958] Endogenous gene expression may be used to detect upstream genes in 

the method described in Examples 27 and 28. Endogenous gene expression, 
i.e., expression of an epitope (e.g., an endogenous protein or fragment thereof, 
sometimes referred to in the art as a "bait protein") which is normally 
transcribed/translated from the promoter, can be used as the reporter gene 
product. For example, expression of the CEA promoter can be monitored by 
detecting CEA protein expression. In this method, either non-engineered cells 
or cells engineered with a construct containing the CEA gene (the promoter 
region and the protein-encoding region or a fragment encoding at least an 
epitope of the protein), without an exogenous reporter gene such as GFP, are 
infected with a suitable vaccinia virus library, and the cells are monitored for 
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expression of the endogenous epitope using an anti-epitope (anti-protein) 
antibody. Cells expressing increased or decreased levels of the epitope are 
selected, preferably by FACS, and the recombinant vaccinia virus they contain 
are enriched for, isolated and characterized. 

[0959] For example, to isolate regulators of CEA, the vaccinia virus library 

from COLO 205 cells described in Example 28 is used to infect COLO 
320DM cells at an MOI of 1. Endogenous CEA protein expression is then 
measured using a mouse IgGl anti-human CD66e (CEA) conjugated directly 
to fluorescein isothiocyante (FITC) (Serotec). Alternatively, rabbit anti- 
human CEA antibody (Dako) and a FTTC-conjugated 2° Ab (Jackson 
Immunoreach Laboratories) are used. Positive cells are selected using FACS. 

[0960] Other epitopes (endogenous proteins or firagmants) besides CEA may 

be used in this method. Examples are listed in Tables 17 and 18. 



Table 19: Epitopes (Endogenous Proteins) Expressed on the Cell Surface 



Target protein 


Cancer 


Antibody 


Trp-p8 


prostate 


ORBIGEN 
San Diego, CA 


CD30 


Hodgkin's 
lymphoma 


Research Diagnostics, Inc. (RDI) 
Flanders, NJ 


CD40 


Hodgkin's 
lymphoma 


EBioscience 
San Diego, CA 


p97 


melanoma 


The Wistar Institute 
Philadelphia, PA 


EGFR 


several 


Biosource International 
Camarillo, CA 


CTLA-4 


several 


RDI 

Flanders, NJ 


CD33 


leukemia 


RDI 
Flanders, NJ 


IL-15 receptor 


melanoma, 
lymphoma 


PeproTech, Inc. 
Rocky Hill, NJ 


VEGFR 


several 


RDI 
Flanders, NJ 


4-1BB 


several 


RDI 

Flanders, NJ 
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PSMA 


prostate 


Zymed Laboratories, Inc., South San 
Francisco, CA 


LTBR 


liver, lung, others 


Ancell Corp. 
Bayport, MN 


Ep-CAM 


several 


Progen Biotechnik GmbH 
Heidelberg, Germany 


CA125 


ovarian 


RDI 
Flanders, NJ 


ICAM3 


Ivmtihomas 

XT LXMIJ XJi \S JUULM4J 


RDI 
Flanders, NJ 


SELP 


several 


Ancell Corp. 
Bayport, MN 


Muc-l/PEM 


several 


RDI 
Flanders, NJ 


CD64 


several 


RDI 
Flanders, NJ 


CD22 


B cell lymphoma 


RDI 

Flanders, NJ 


CD52 


lymphoid 
malignancies 


Biosource International 
Camarillo, CA 


CD25 


several 


RDI 

Flanders, NJ 


CD122 


several 


RDI 

Flanders, NJ 




leukemia 




IL-12Rbeta-l 


several 


RDI 
Flanders, NJ 


HER2/EKBB2 


several 


RDI 
Flanders, NJ 


II^8R 


several 


RDI 
Flanders, NJ 


CD20 


lymphoma, 
leukemia 


RDI 
Flanders, NJ 


CD147 


several, 
metastasis 


RDI 

Flanders, NJ 


GP75/Tip-l 


melanoma 


Novocastra Laboratories Ltd. 
Newcastle upon Tyne, UK 
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Table 20: Epitopes (Endogenous Proteins) 



Name 


Tumor 
Type 


Unigene ID/ 
SEQ ID NO 


References 


CD155 


colorectal 


Hs.171844 


Soiecki, D., et aL(1999) J.BioLChenu 274, 1791-1800; 
Nobis, P., et aL (1985)7. GenMrol 66 
(Pt 12), 2563-2569 


COX2/PT 
SG2 


colorectal/ 
esophageal 


Hs.196384 


Toyota, M., et aL (2000) Cancer Res. 60, 40444048; 
Taniere, P., et aL (2001) BrJ.Cancer 85, 721-726; Sales, 
K. L, et aL (2001) J.Oin.EntiocrinolMetab 86, 2243- 
2249; Oka, A. and Takaskima, S. (1997) Neuroreport 8, 
1161-1164; LuMw, W. J., etal.(1998) 
Proc.NatlAcad.SclU.SA 95, 3914-3919 


EPHA2 


melanoma/ 
breast 


Hs.171596 


Easty, D. J., et al. (1999) InU.Cancer 84, 494-501; 
Easty, D. J. and Bennett, D. C. (2000) Melanoma Res. 10, 
401-411; 

Zelinski, D. P., et al. (2001) Cancer Res. 61, 2301-2306; 
Hess, AH., et aL (2001) Cancer Res. 61, 3250-3255; 
Ogawa, K., et aL (2000) Oncogene 19, 6043-6052; 
Dohn, M, et al. (2001) Oncogene 20, 6503-6515 


GOA 


astrocytom 
a 


Hs.293660 


Vandeputte, DJL, et aL (2001) 
Biochem.BiopkysJtes.Commtm. 286, 574-579 


ILK 


prostate 


Hs.6196 


Janji, B., et al. (2000) Oncogene 19, 3069-3077; 
Marotta, A., et al. (2001) Oncogene 20, 6250-6257; 
Nikolopoulos, S.N. and Turner, C. E. (2001) JMolChenu 
276, 23499-23505; Gnu% JJR-, et al. (2001) GnuCancer 
Res. 7, 1987-1991 


LM04 


breast 


Hs3844 


Sum, E.Y., et aL (2002) J.BiolChem. 277, 7849-7856; 
Visvader, J.E., et aL J. (2001) Proc.NatlAcad.Sci.U.SA 
98, 14452-14457 


MAGE-1 


melanoma 


Hs.72879 


Jungbluth, A. A., et al. (2000) Br J. Cancer 83, 493-497; 
De Smet, C, et al. (1995) Immunogenetics 42, 282-290 



[0961] As indicated in the tables, each of these proteins has been linked to 

cancer and upstream genes are therefore potential targets for therapy of the 
indicated cancer. Additionally, the role(s) these genes play in cancer does not 
require their mutation or translocation. These and other tumor associated 
proteins/oncogenes are suitable as reporters (endogenous proteins/epitopes) in 
this method because it has been found that they are not mutated in primary 
tumors to the same extent as some other tumor associated proteins/oncogenes. 

[0962] Expression of such proteins/epitopes is detected using antibodies and 

preferably FACS, as for CEA. However, for those endogenous 
proteins/epitopes that are expressed intracellularly (for example, some of those 
listed on Table 20), the cells must be permeabilized or the antibody delivered 
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to the cytoplasm in some way. Three strategies are available for introducing a 
fluorescently labeled antibody into the host cells for the purpose of sorting 
positive cells; delivery by hypertonic shock (Morris, M.C., et aL (2001) 
NatBiotechnol 19, 1173-1176), HIV TAT-mediated delivery (Becker-Hapak, 
M., et aL, (2001) Methods 24, 247-256), or delivery by a peptide carrier 
(Okada, C.Y. and Rechsteiner, M. (1982) Cell 29, 33-41), as described in 
Example 14. 

EXAMPLE 30 

Isolation of Genes Involved In Differentiation 

[0963] As described earlier, e.g., in Example 7, methods of the invention are 

useful for identifying genes involved in differentiation, such as the 
differentiation of muskuloskeletal stem cells. This example shows that 
mesenchymal stem cells infected with vaccinia virus recombinants expressing 
BMP-2 or Sox-9 chondrocyte differentiation factors are induced to undergo 
differentiation, as evidenced by the expression of genes that are key markers 
of musculoskeletal differentiation. 
[0964] Mouse mesenchymal stem cells were harvested from embryonic day 

11.5 mice. Control cells were plated at low density to avoid aggregation- 
mediated spontaneous differentiation. Bone Morphogenic Protein 2 (BMP-2) 
was used at a concentration of (50ng/ml). Gene expression of cBfal, 
aggrecan, and collagen type II, which are markers of chondrogenesis, was 
measured by real-time PCR. 
[0965] Cbfal (Os£2/Cbfal) is a transcriptional activator of osteoblast 

differentiation. DucyP. et al., Cell 1997 May 30;89(5):677-80. Aggrecanis 
the human cartilage large aggregating proteoglycan. Doege KJ, et al., J Biol 
Chem. 1991 Jan 15;266(2):894-902. Collagen type II is another gene 
expressed during chondrocyte differentiation. Strom, C. M. and Upholt, W. 
B., Nucleic Acids Res. 12: 1025-1038, 1984. 
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[0966] As shown in Figure 22, expression of BMP-2 or SOX-9 from vaccinia 

virus induces expression of cBfal, aggrecan, and collagen type n, in some 
cases even better than the control (treatment with recombinant human BMP- 
2). Thus, expression of a differentiation factor such as BMP-2 or Sox-9 from 
vaccinia virus is sufficient to induce stem cells to undergo differentiation. 

EXAMPLE 31 
Isolation of Candidate Targets for Cancer Therapy 

[0967] Methods of the invention, such as those described in examples 26-29, 

are useful for identifying candidate targets for therapy against cancer. 
Potentially the most useful candidates represent "points of convergence" for 
multiple tumor types, as discussed below. 

[0968] A great deal of effort has been applied to identify and characterize the 

genes and proteins responsible for malignant phenotypes. Tremendous strides 
have been made in this regard and point to two common mechanistic pathways 
that culminate in overexpression of key genes/proteins. First, genes can be 
overexpressed (activated) through aberrant transcriptional activation, and 
second, proteins can be overexpressed most commonly through dysfunctional 
interaction with other proteins. However, the relationship between effector 
and target is complicated by the fact that activation/overexpression exists in 
most cases within the context of a complex regulatory network. Often it is 
difficult to elucidate effectors of and reasons for overexpressed genes and 
proteins. These regulatory networks account for the diversity among multiple, 
environmental or cell type-specific activation of most targets. The fact that 
any given tumor marker or oncogene can be activated by several effectors 
presents a formidable challenge to efforts to identify a single, shared, and 
broadly applicable therapeutic target Of greatest interest would be the 
identification of "points of convergence" of multiple tumor-associated 
pathways as in Figure 23. The proteins that define these "points of 
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convergence" represent the greatest potential therapeutic targets because they 
are likely to facilitate tumorigenesis in multiple systems. 

[09691 to the first mechanistic pathway, mutant transcription factors can bind 

and aberrantly up-regulate their normal target. For example, the c-Myc proto- 
oncogene is the cellular homologue of transforming sequences from the avian 
myelocystomastosis retrovirus. c-Myc is a key transforming agent in the 
etiology of Burkitt's lymphoma as well as several other primary human 
tumors. Alterations in c-Myc typically result in over-expression of the 
protein. In this context, targets of c-Myc transcriptional over-activation are 
subsequently expressed at higher levels with profound negative consequence 
to cell-cycle control. Cell-cycle related targets include but are not limited to 
ODC, cad, eDF-4E, and cdc25a. The fact that c-myc has multiple transcription 
targets whose respective over-expression is limited to distinct tumor types 
suggests that c-myc activation is a key regulatory ct point of convergence" for 
each of these tumors. It is not surprising then that c-Myc is a common target 
for antisense therapies currently in clinical trial (Eric Wickstrom (1998) 
Clinical Trials of Genetic Therapy with Antisense DNA and DNA Vectors, 
Dekker, Marcel Incorporated). 

[09701 In the second mechanistic pathway, aberrant signal transduction can 

result in overexpression of downstream members of the pathway. Efforts to 
dissect signal transduction pathways have resulted in the identification of 
novel therapeutic targets. For example, c-Ha-ras was the first oncogene 
identified. Subsequent studies of c-Ha-ras have resulted in an expansive 
understanding of how mutated proteins can negatively impact signal 
transduction and transcriptional regulation. In addition, several novel 
oncogenes were identified as either members of the same signal transduction 
network or direct targets of the c-Fos/c-Jun transcription factors (Mamon, H., 
et al.. (1991) Cold Spring Harb.Symp.Quant.Biol 56, 251-263; Chan, W. K., 
et aL (1990) Nucleic Acids Res. 18, 763-769; Caceres, J., et al. (1990) 
Oncogene 5, 59-67; and Wang, Z.Q, et al. (1991) EMBO J. 10, 2437-2450). 
The complexity of the ras signaling network and its interaction with other 



WO 2004/037993 



PCT/US2003/033557 



-314- 

networks sets an important precedent for shared communication and 
functional overlap in other systems. Work to date continues to uncover 
complex signaling relationships not only for ras, but for several other 
oncogenic signal transducers. These discoveries broaden our collective 
mechanistic knowledge of tumorigenesis and more importantly, represent new 
therapeutic points of intervention. 
[0971] We are still far from having a comprehensive understanding of all 

transduction partners, transcription factors, and their targets responsible for 
each type of primary tumor despite intense effort. Furthermore, only a limited 
number of known "points of regulatory convergence," covering multiple 
cancer types, exists. 

[0972] However, using promoters and endogenous proteins such CEA in the 

methods of the invention will enable the identification of more of these points 
of convergence, which are candidate targets for therapeutic intervention. With 
respect to CEA, detectable levels of CEA in breast and colon cancer, either 
expressed on the cell surface or secreted, correlate with poor prognosis 
(Caceres, J., et al. (1990) Oncogene 5, 59-67). CEA protein is involved in 
regulating cell-cell adhesion both in homotypic and heterotypic interactions. 
Due, in part, to the size and complexity of the CEA family, it has been 
difficult to study its regulatory mechanism. Jothy et al. (AmJ.PathoL 143, 
250-257 (1993)) have observed a disparity between transcript and protein 
levels in panels of colon tumors perhaps indicating that aberrant CEA 
expression is the result of both transcriptional and post-translational 
modifications and not genomic amplification or mutation As a tumor cell 
marker, CEA has largely been utilized for the detection of minimal disease or 
as a target of immunotherapeutic approaches.. However, despite intense efforts 
to develop CEA targeted immuno-therapeutics, resulting clinical trials have 
been disappointing. 

[0973] Thus, CEA represents an important gene product in a large subset of 

primary tumors and identifying proteins that regulate its expression will create 
opportunities to target not only CEA positive tumors, but also tumors with 
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shared etiology. Indeed other CEA-related proteins (from the Ig superfamily) 
demonstrate transcript and protein changes in tumorigenesis perhaps because 
of overexpression of a shared regulator. 
[0974] Additionally, methods of the invention have several important 
advantages. Primarily, they provide for functional identification of proteins 
that can positively or negatively affect expression of known oncogenes and 
tumor markers. The use of vaccinia virus as a vehicle allows for efficient 
introduction and expression of recombinants into the host cell while also 
facilitating accurate protein processing. With this strategy, identification does 
not require prior knowledge of regulatory mechanisms of the promoter or 
endogenous protein. Additionally, identification does not require direct 
interaction between the promoter and/or endogenous protein and the 
regulatory protein (upstream gene). The candidates identified through these 
techniques may interact directly with the promoter and/or endogenous protein 
or may be two or more steps removed. Furthermore, validation of candidate 
(target) polynucleotides is as straight forward as using the single w- 
recombinant alone to activate/increase (or suppress/decrease) expression of 
the promter and/or endogenous protein. As an additional benefit, it is 
expected that more than one candidate will be identified from a single 
screening/selection, perhaps representing different elements in a serial 
regulatory pathway. Finally, this strategy in combination with cell sorting 
capabilities provides a very powerful, yet sensitive, selection capability. 

EXAMPLE 32 

A. Testing of C35 Promoter by Luciferase Assay. 

[0975] The long and short C35 promoter polynucleotides were, independently, 

amplified by PCR using the following primer combinations: Long promoter sense: 
AAAGGCAGCGAGGACTTGTG (nucleotides 1 to 20 in SEQ ID NO:77) and short 
promoter sense: CATCGGCATGTTAGCGAGAA (nucleotides 706 to 725 in SEQ 
ID NO:77) each in combination with the same promoter antisense: 



WO 2004/037993 



PCT/US2003/033557 



-316- 

CCTGCTTCCGGGTGTGAC (complement of nucleotides 1107 to 1090 in SEQ ID 
NO:77). Separately, these PCR products were cloned into a promoter-less luciferase 
reporter vector, pGL3-basic (Promega). Both luciferase constructs were transiently 
transfected separately into normal immortalized H16N2 breast cell line, a low C35 
expressor, and cancerous (21MT) breast cell line, a high C35 expressor. The promoter 
activities were measured as the relative ability to drive luciferase expression in 
H16N2 compared to 21MT. Transfection efficiency measurement and readout were 
performed 36 hours post-transfection through the use of a Dual Luciferase Reporter 
kit (Promega) and a luminomitor (Harta Instruments). Since H16N2 cells express 
minimal level of C35 while 21MT cells express abundant C35 transcript, a functional 
C35 promoter is expected to have increased activity in 21MT relative to H16N2. 
Both long and short C35 promoter polynucleotides showed increased luciferase 
activities in 21MT cells, with the induction ratios matching those seen in Northern 
analysis and realtime PCR for C35 RNA expression with the same cell lines. 

B. Generation of a Vaccinia Virus Library and Selection for 
Targets Capable of Transactivatingthe C35 Promoter. 

[0976] A vaccinia virus library is generated as described above in Examples 2, 

8, 9, and 28 using a cell line that highly expresses C35 (e.g., 21MT2 cells) as 
the source for the cDNA inserts. The 21MT2-vaccinia virus library is used to 
infect host cells, at an MOI of 1. Suitable host cells are preferably those that 
normally express the reporter gene at low levels (e.g., H16N2 cells). 
Therefore, expression of the reporter will be dependent on the target 
polynucleotide present in the vaccinia virus library. Alternatively, host cells 
that naturally express the reporter gene (e.g., 21MT2 cells) are used and target 
• polynucleotides (e.g., repressors or suppressors or inhibitors) that suppress the 
natural levels of the promoter can be identified. Vaccinia virus containing no 
insert is used as a negative control. 

[0977] After infection, the host cells are. monitored for reporter gene 

expression by any of the techniques described. To isolate positive regulators 
of the promoter, cells that display increased reporter activity are selected, 
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preferably by FACS. To isolate negative regulators of the promoter, cells that 
display decreased reporter levels are selected, preferably by FACS. Cells 
expressing the reporter gene after infection are isolated and the vaccinia virus 
containing the candidate transactivators are enriched by multiple rounds of 
infection and cell sorting, and the virus is extracted for characterization of the 
target. More specifically, individual clones are confirmed (by testing for the 
ability to activate an endogenous C35 promoter as described herein) and 
sequenced. 

[0978] As described in Example 28, any one of many reporter gene products 

can be used with the C35 promoters of the present invention and include, but 
are not limited to, an epitope, chloramphenicol acetyl transferase (CAT), green 
fluorescent protein (GFP), blue fluorescent protein (BFP), yellow fluorescent 
protein (YFP), red fluorescent protein (RFP), and beta-galactosidase. 
Examples 7 and 29 describe several such reporters. 

C. Upstream Gene Identification: Endogenous gene expression 

[0979] Endogenous gene expression may be used to detect upstream genes in 

the methods described in Examples 27-29. Endogenous gene expression, i.e., 
expression of an epitope (e.g., an endogenous protein or fragment thereof, 
sometimes referred to in the art as a "bait protein") which is normally 
transcribed/translated from the promoter, can be used as the reporter gene 
product. For example, expression of the C35 promoter can be monitored by 
detecting C35 protein expression. In this method, either non-engineered cells 
or cells engineered with a construct containing the C35 gene (the promoter 
region and the protein-encoding region or a fragment encoding at least an 
epitope of the protein), without an exogenous reporter gene such as GFP, are 
infected with a suitable vaccinia virus library, and the cells are monitored for 
expression of the endogenous epitope using an anti-epitope (anti-protein) 
antibody. Cells expressing increased or decreased levels of the epitope are 
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selected, preferably by FACS, and the recombinant vaccinia virus they contain 
are enriched for, isolated and characterized. 
[0980] For example, to isolate regulators of C35, the vaccinia virus library 

from 21MT2 cells described above in this Example is used to infect H16N2 
cells at an MOI of 1. Endogenous C35 protein expression is then measured 
using 1B3 or 1F2 mouse monoclonal antibodies specific for human C35. 
Positive cells are selected using FACS. 
[0981] Selection of regulators by FACS is technically easier when the 

target/reporter whose expression is induced is a membrane protein. Where the 
reporter is an endogenous protein, any one of three different strategies may be 
employed to introduce a fluorescently labeled antibody into the host cells for 
the purpose of sorting positive cells; (i) delivery by hypertonic shock (Okada 
and Rechsteiner, Cell 29, 33-41 (1982)), (ii) HIV TAT - mediated delivery 
(Becker-Hapak et d, Methods 24; 247-256 (2001)), or (iii) delivery by a 
peptide carrier (Morris et al, Nature 19:1 173-1 176). 
[0982] Introduction of antibody based on osmotic lysis of pinocytic vesicles. 

Briefly, the reagents to be delivered are mixed with hypertonic media 
containing polyethylene glycol and sucrose to allow the formation of pinocytic 
vesicles. When this media is applied to the cells, the antibody-containing 
pinosomes enter the cytosol. Once the cells are placed back into hypotonic 
tissue culture medium, vesicles burst delivering their cargo into the cytoplasm. 
Although, this procedure is relatively easy to do and has no long lasting 
deleterious effects on cells, there are pitfalls to this technique that cannot be 
ignored. First, delivery of large molecules might be problematic. Secondly, the 
critical step in antibody staining, washing of unbound antibody to minimize 
background, might be impossible to perform. These obstacles, however, can 
be overcome when using the following protein-based methods of transduction. 
[0983] HIV tat-mediated delivery method utilizes the transduction domain of 

HIV TAT protein. First, cDNA of interest is cloned into pTAT-HA bacterial 
expression vector and, then, fusion j>rotein is expressed in BL21 strain of 
RcolL Some of the major benefits of this system include a quick and easy 
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transduction of proteins independently of size or function into any type of 
cells, including cells untransducible by more commonly used methods, bone 
marrow progenitors and osteoclasts (Abu-Amer et dL 9 J. Biol. Chem 276(32): 
30499-30503 (2001)). Also, when the system is used to deliver antibody, 
washing is not a problem, as protein transduction is a concentration-dependent 
process and any unbound fusion protein diffuses out of the cell during wash. 
[0984] Peptide-based delivery employs a short amphipatic peptide carrier, 

Pep-1. This peptide forms stable complexes with proteins to be delivered 
through noncovalent hydrophobic interactions which are independent of a 
specific peptidyl sequence. It has been shown to safely and efficiently deliver 
biologically active proteins and full-length antibodies (e.g. anti-P-actin 
antibody) and would, therefore, be a reagent of choice in our system. 

* * * * * 

[09851 The present invention is not to be limited in scope by the specific 

embodiments described which are intended as single illustrations of individual 
aspects of the invention, and any constructs, viruses or enzymes which are 
functionally equivalent are within the scope of this invention. Indeed, various 
modifications of the invention in addition to those shown and described herein 
will become apparent to those skilled in the art from the foregoing description 
and accompanying drawings.. Such modifications are intended to fall within 
the scope of the appended claims. 

[0986] All publications and patent applications mentioned in this specification 

are herein incorporated by reference to the same extent as if each individual 
publication or patent application was specifically and individually indicated to 
be incorporated by reference. The disclosure and claims of U.S. Application 
No. 08/935,377, filed September 22, 1997; U.S. Application No. 60/192,586, 
filed March 28, 2000; U.S. Provisional Appl. No. 60/203,343, filed May 10, 
2000; of U.S. Provisional Appl. No. 60/263,226, filed January 23, 2001; U.S. 
Application No. 60/265,880; filed February 5, 2001; U.S. Application No. 
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60/271,422, filed February 27, 2001; U.S. Application No. 60/271,424, filed 
February 27, 2001; U.S. Provisional Appl. No. 60/271,426, filed February 27, 
2001; U.S. Application No. 09/818,991, filed March 28, 2001, U.S. 
Application No. 10/277,161, filed October 22, 2001, and U.S. Provisional 
AppL No. 60/506,771, filed September 30, 2003, are herein incorporated by 
reference. 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid comprising a first polynucleotide the sequence 
of which is at least 90% identical to a sequence selected from the group 
consisting of nucleotides 1006 to 1061 of SEQ ID NO:77; nucleotides 906 to 
1005 of SEQ ID NO:77; nucleotides 706 to 805 of SEQ ID NO:77; and 
nucleotides 806 to 905 of SEQ ID NO:77, wherein said first polynucleotide 
promotes transcription in breast cancer tissue. 

2. The isolated nucleic acid of claim 1, wherein said first polynucleotide 
is at least 90% identical to nucleotides 1006 to 1061 of SEQ ID NO:77. 

3. The isolated nucleic acid of claim 2, wherein said first polynucleotide 
is at least 90% identical to nucleotides 1006 to 1 107 of SEQ ID NO:77. 

4. The isolated nucleic acid of claim 3, wherein said first polynucleotide 
is at least 90% identical to nucleotides 906 toll07 of SEQ ID NO:77. 

5. The isolated nucleic acid of claim 4, wherein said first polynucleotide 
is at least 90% identical to nucleotides 806 to 1 107 of SEQ ID NO:77, 

6. The isolated nucleic acid of claim 5, wherein said first polynucleotide 
is at least 90% identical to nucleotides 706 to 1 107 of SEQ ID NO:77. 

7. The isolated nucleic acid of claim 6, wherein said first polynucleotide 
is at least 90% identical to nucleotides 1 to 1 107 of SEQ ID NO:77. 

8. The isolated nucleic acid of claim 2, wherein said first polynucleotide 
is at least 90% identical to nucleotides 906 to 1061 of SEQ ID NO:77. 



WO 2004/037993 



PCT/US2003/033557 



- 322 - 

9. The isolated nucleic acid of claim 8, wherein said first polynucleotide 
is at least 90% identical to nucleotides 806 to 1061 of SEQ ID NO:77. 

10. The isolated nucleic acid of claim 9, wherein said first polynucleotide 
is at least 90% identical to nucleotides 706 to 1061 of SEQ ID NO:77. 

1 1 . The isolated nucleic acid of claim 10, wherein said first polynucleotide 
is at least 90% identical to nucleotides 1 to 1061 of SEQ ID NO:77. 

12. The isolated nucleic acid of claim 1, wherein said first polynucleotide 
is at least 90% identical to nucleotides 906 to 1005 of SEQ ID NO:77. 

13. The isolated nucleic acid of claim 12, wherein said first 
polynucleotide is at least 90% identical to nucleotides 806 to 1005 of SEQ ID 
NO:77. 

14. The isolated nucleic acid of claim 13, wherein said first 
polynucleotide is at least 90% identical to nucleotides 706 to 1005 of SEQ ID 
NO:77. 

15. The isolated nucleic acid of claim 1, wherein said first polynucleotide 
is at least 90% identical to nucleotides 806 to 905 of SEQ ID NO:77. 

1 6. The isolated nucleic acid of claim 1 6, wherein said first polynucleotide 
is at least 90% identical to nucleotides 706 to 905 of SEQ ID NO:77. 

17. The isolated nucleic acid of claim 1, wherein said first polynucleotide 
is at least 90% identical to nucleotides 706 to 805 of SEQ ID NO:77. 

18. The isolated nucleic acid of claim 2, wherein said first polynucleotide 
is at least 95% identical to nucleotides 1006 to 1061 of SEQ ID NO:77. 
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19. The isolated nucleic acid of claim 3, wherein said first polynucleotide 
is at least 95% identical to nucleotides 1006 to 1107 ofSEQ ED NO:77. 

20. The isolated nucleic acid of claim 4, wherein said first polynucleotide 
is at least 95% identical to nucleotides 906 tol 107 of SEQ ID NO:77. 

21. The isolated nucleic acid of claim 5, wherein said first polynucleotide 
is at least 95% identical to nucleotides 806 to 1107 of SEQ ID NO:77. 

22. The isolated nucleic acid of claim 6, wherein said first polynucleotide 
is at least 95% identical to nucleotides 706 to 1 107 of SEQ ID NO:77. 

23. The isolated nucleic acid of claim 7, wherein said first polynucleotide 
is at least 95% identical to nucleotides 1 to 1 107 of SEQ ID NO:77. 

24. The isolated nucleic acid of claim 8, wherein said first polynucleotide 
is at least 95% identical to nucleotides 906 to 1061 of SEQ ID NO:77. 

25. The isolated nucleic acid of claim 9, wherein said first polynucleotide 
is at least 95% identical to nucleotides 806 to 1061 of SEQ ID NO:77. 

26. The isolated nucleic acid of claim 10, wherein said first polynucleotide 
is at least 95% identical to 706 to 1061 of SEQ ID NO:77. 

27. The isolated nucleic acid of claim 11, wherein said first polynucleotide 
is at least 95% identical to nucleotides 1 to 1061 of SEQ ID NO:77. 

28. The isolated nucleic acid of claim 12, wherein said first polynucleotide 
is at least 95% identical to nucleotides 906 to 1005 of SEQ ID NO:77. 
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29. The isolated nucleic acid of claim 13, wherein said first 
polynucleotide is at least 95% identical to nucleotides 806 to 1005 of SEQ ID 
NO:77. 

30. The isolated nucleic acid of claim 14, wherein said first 
polynucleotide is at least 95% identical to nucleotides 706 to 1005 of SEQ ID 
NO:77. 

31 . The isolated nucleic acid of claim 1 5, wherein said first polynucleotide 
is at least 95% identical to nucleotides 806 to 905 of SEQ ID NO:77. 

32. The isolated nucleic acid of claim 16, wherein said first polynucleotide 
is at least 95% identical to nucleotides 706 to 905 of SEQ ID NO:77. 

33. The isolated nucleic acid of claim 17, wherein said first polynucleotide 
is at least 95% identical to nucleotides 706 to 805 of SEQ ID NO:77. 

34. The isolated nucleic acid of claim 18, wherein said first polynucleotide 
comprises nucleotides 1006 to 1061 of SEQ ID NO:77. 

35. The isolated nucleic acid of claim 19, wherein said first polynucleotide 
comprises nucleotides 1006 to 1107 of SEQ ID NO:77. 

36. The isolated nucleic acid of claim 20, wherein said first polynucleotide 
comprises nucleotides 906 toll07 of SEQ ID NO:77. 

37. The isolated nucleic acid of claim 21, wherein said first polynucleotide 
comprises nucleotides 806 to 1 107 of SEQ ID NO:77. 

38. The isolated nucleic acid of claim 22, wherein said first polynucleotide 
comprises nucleotides 706 to 1107 of SEQ ID NO:77. 
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39. The isolated nucleic acid of claim 23, wherein said first polynucleotide 
comprises nucleotides 1 to 1107 of SEQ ID NO:77. 

40. The isolated nucleic acid of claim 24, wherein said first polynucleotide 
comprises nucleotides 906 to 1061 of SEQ ID NO:77. 

41. The isolated nucleic acid of claim 25, wherein said first polynucleotide 
comprises nucleotides 806 to 1061 of SEQ ID NO:77. 

42. The isolated nucleic acid of claim 26, wherein said first polynucleotide 
comprises nucleotides 706 to 1061 of SEQ ID NO:77. 

43. The isolated nucleic acid of claim 27, wherein said first polynucleotide 
comprises nucleotides 1 to 1061 of SEQ ID NO:77. 

44. The isolated nucleic acid of claim 28, wherein said first polynucleotide 
comprises nucleotides 906 to 1005 of SEQ ID NO:77. 

45. The isolated nucleic acid of claim 29, wherein said first polynucleotide 
comprises nucleotides 806 to 1005 of SEQ ID NO:77. 

46. The isolated nucleic acid of claim 30, wherein said first polynucleotide 
comprises nucleotides 706 to 1005 of SEQ ID NO:77. 

47. The isolated nucleicacid of claim 3 1 , wherein said first polynucleotide 
comprises nucleotides 806 to 905 of SEQ ID NO:77. 

48. The isolated nucleic acid of claim 32, wherein said first polynucleotide 
comprises nucleotides 706 to 905 of SEQ ID NO:77. 
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49. The isolated nucleic acid of claim 33, wherein said first polynucleotide 
comprises nucleotides 906 to 805 of SEQ ID NO:77. 

50. The isolated nucleic acid of claim 1 further comprising a second 
polynucleotide in operable association with said first polynucleotide, wherein 
said first polynucleotide directs transcription of said second polynucleotide. 

51. The isolated nucleic acid of claim 50, wherein said second 
polynucleotide is a heterologous polynucleotide. 

52. The isolated nucleic acid of claim 51, wherein said heterologous 
polynucleotide encodes a reporter gene product selected from the group 
consisting of an epitope, luciferase, chloramphenicol acetyl transferase (CAT), 
green fluorescent protein (GFP), blue fluorescent protein (BFP), yellow 
fluorescent protein (YFP), red fluorescent protein (RFP), and |i-galactosidase.' 

53. The isolated nucleic acid of claim 52, wherein said reporter gene 
product is luciferase. 

54. The isolated nucleic acid of claim 52, wherein said reporter gene 
product is an epitope. 

55. A vector comprising the isolated nucleic acid of claim 1 . 

56. The vector of claim 55, wherein said vector is a linear DNA virus 
vector. 

57. The vector of claim 56, wherein said linear DNA virus vector is a 
poxvirus vector. 
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58. The vector of claim 57, wherein said poxvirus vector is a vaccinia * 
virus vector. 

59. A host cell comprising the vector of claim 55. 

60. The host cell of claim 59, which is a breast tissue cell. 

61 . The host cell of claim 59, which is a breast cancer tissue cell. 

62. A method of selecting a target polynucleotide, comprising: (a) 
introducing into a population of vertebrate host cells a library of insert 
polynucleotides; wherein the host cells comprise a reporter gene encoding an 
endogenous protein; wherein the library is constructed in a linear DNA virus 
vector; wherein at least one of the insert polynucleotides comprises the target 
polynucleotide; and wherein expression of the target polynucleotide in a cell 
directly or indirectly alters expression of the endogenous protein; (b) culturing 
the host cells; and (c) collecting insert polynucleotides from those host cells 
which exhibit the altered expression. 

63. The method of claim 62, wherein the linear DNA virus vector is a 
poxvirus vector, 

64. The method of claim 63, wherein the poxvirus vector is a vaccinia 
virus vector. 

65. The method of claim 62, further comprising: (d) introducing the 
collected polynucleotides into a population of host cells, wherein the host cells 
comprise a reporter gene encoding an endogenous protein, and wherein 
expression of the target polynucleotide in a cell directly or indirectly alters 
expression of the endogenous protein; (e) culturing the host cells; and (f) 
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collecting insert polynucleotides from those host cells which exhibit the 
altered expression. 

66. The method of claim 65, further comprising repeating steps (d)-(f) one 
or more times, thereby enriching for the target polynucleotide. 

67. The method of claim 66, further comprising purifying the collected 
polynucleotides. 

68. The method of claim 62, wherein the endogenous protein is 
preferentially expressed in cancerous cells. 

69. The method of claim 62, wherein expression of the target 
polynucleotide causes altered post-translational regulation of the endogenous 
protein. 

70. The method of claim 62, wherein the reporter gene is recombinant 

71. The method of claim 62, Wherein the reporter gene is endogenous to 
the cell. 

72. The method of claim 62, wherein expression of the endogenous protein 
is detected by an antibody against the endogenous protein. 

73. The method of claim 72, wherein the antibody is labeled. 

74. The method of claim 62, wherein expression of the endogenous protein 
is detected by an antibody against the endogenous protein and a secondary 
antibody. 



75 . The method of claim 74, wherein the secondary antibody is labeled. 
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76. The method of claim 62, wherein the endogenous protein is expressed 
extracellttlarly. 

77. The method of claim 76, wherein the endogenous protein is expressed 
on the cell surface, 

78. The method of claim 62, wherein the endogenous protein is expressed 
intracellularly. 

79. The method of claim 78, wherein the endogenous protein is expressed 
in the cytosol, 

80. The method of claim 72, wherein the antibody is detected by FACS. 

81 . The method of claim 80, wherein the cells are collected by cell sorting. 

82. A method of selecting a target polynucleotide, comprising: (a) 
introducing into a population of vertebrate host cells a library of insert 
polynucleotides; wherein the host cells comprise a reporter gene under 
operable control of a promoter which is preferentially expressed in cancerous 
cells or during differentiation; wherein the library is constructed in a linear 
DNA virus vector; wherein at least one of the insert polynucleotides comprises 
the target polynucleotide; and wherein expression of the target polynucleotide 
in a cell directly or indirectly alters transcription of the promoter; (b) culturing 
the host cells; and (c) collecting insert polynucleotides from those host cells 
which exhibit altered expression of the product encoded by the reporter gene. 

83. The method of claim 82, wherein the linear DNA virus vector is a 
poxvirus vector. 
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84. The method of claim 82, wherein the poxvirus vector is a vaccinia 
virus vector. 

85. The method of claim 82, farther comprising: (d) introducing the 
collected polynucleotides into a population of host cells, wherein the host cells 
comprise a reporter gene under operable control of a promoter which is 
preferentially expressed in cancerous cells or during differentiation, and 
wherein expression of the target polynucleotide in a cell directly or indirectly 
alters transcription of the promoter, (e) culturing the host cells; and (f) 
collecting insert polynucleotides from those host cells which exhihit altered 
expression of the product encoded by the reporter gene. 

86. The method of claim 85, further comprising repeating steps (d>(f) one 
or more times, thereby enriching for the target polynucleotide. 

87. The method of claim 86, farther comprising purifying the collected 
polynucleotides. 

88. The method of claim 85, wherein the reporter gene product is selected 
from the group consisting of: green fluorescent protein (GFP), blue fluorescent 
protein (BFP), yellow fluorescent protein (YFP), red fluorescent protein 
(RFP), and luciferase. 

89. The method of claim 85, wherein expression of the reporter gene 
product is detected by FACS. 

90. The method of claim 89, wherein the cells are collected by cell sorting. 

91. The method of claim 82, wherein said promoter comprises a nucleic 
acid selected from the group consisting of nucleotides 1006 to 1061 of SEQ 
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ID NO:77; nucleotides 1006 to 1107 of SEQ ID NO:77; nucleotides 906 to 
1005 of SEQ ID NO:77; nucleotides 806 to 905 of SEQ ID NO:77; 
nucleotides 706 to 805 of SEQ ID NO:77; nucleotides 906 to 1061 of SEQ ID 
NO:77; nucleotides 906 to 1107 of SEQ ID NO:77; nucleotides 806 to 1061 of 
SEQ ID NO:77; nucleotides 806 to 1107 of SEQ ID NO:77; nucleotides 806 
to 1005 of SEQ ID NO:77; nucleotides 706 to 1005 of SEQ ID NO:77; 
nucleotides 706 to 905 of SEQ ID NO:77; nucleotides 706 to 1061 of SEQ ID 
NO:77; nucleotides 706 to 1107 of SEQ ID NO:77; nucleotides 1 to 1061 of 
SEQ ID NO:77; and nucleotides 1 to 1 107 of SEQ ID NO:77. 

92. An isolated nucleic acid comprising a first polynucleotide the sequence 
of which is at least 90% identical to nucleotides 1 to 7401 of SEQ ID NO:78, 
wherein said first polynucleotide promotes transcription in breast cancer 
tissue. 

93. The isolated nucleic acid of claim 92, wherein said first polynucleotide 
is at least 95% identical to nucleotides 1 to 7401 of SEQ ID NO:78. 

94. The isolated nucleic acid of claim 92, wherein said first polynucleotide 
comprises nucleotides 1 to 7401 of SEQ ID NO:78. 
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SEQUENCE LISTING 

<110> University of Rochester 
Zauderer, Maurice 
Smith, Ernest S. 
Pari s , Mark 

<120> Methods of Producing a Library and Methods of Selecting Polynucleotides 
of Interest 

<130> 1821.005PC09 
<150> 10/277,161 
<151> 2002-10-22 

<150> 60/506,771 
<151> 2003-09-30 

<160> 78 

<170> Patentln version 3.0 

<210> 1 
<211> 69 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Nucleotide Sequence of p7.5/tk 
<400> 1 

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatggg cccggccgcc 60 
aacggcgga 69 

<210> 2 
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-2- 
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<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<22l> misc_feature 

<223> tk coding sequence 

<400> 2 

Met Gly Pro Ala Ala Asn Gly Gly 
1 5 

<210> 3 

<211> 75 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s cofeature 

<223> Nucleotide Sequence of pEL/tk 

<400> 3 

ggccaaaaat tgaaatttta tttttttttt ttggaatata aagcggccgc catgggcccg 60 
gccgccaacg gcgga 75 

<210> 4 

<211> 145 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Nucleotide Sequence of p7.5/ATG0/tk 



WO 2004/037993 PCT/US2003/033557 



ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccgtgga tcccccgggc 60 
tgcaggaatt cgatatcaag cttatcgata ccgtcgacct cgaggggggg cctaactaac 120 

145 

taattttgtt tttgtgggcc cggcc 

<210> 5 

<211> 148 

<212> DNA 

<213> Artificial Sequence 



<220> 

<2 2 1 > misc_f eature 

<223> Nucleotide Sequence of p7.5/ATGl/tk 



ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatggt ggatcccccg 
ggctgcagga attcgatatc aagcttatcg ataccgtcga cctcgagggg gggcctaact 
aactaatttt gtttttgtgg gcccggcc 

<210> 6 

<211> 149 

<212> DNA 

<213> Artificial Sequence 



60 
120 
148 



<220> 

< 2 2 1 > mi s c_f eature 

<223> Nucleotide Sequence of p7.5/ATG2/tk 



ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatgag tggatccccc 
gggctgcagg aattcgatat caagcttatc gataccgtcg acctcgaggg ggggcctaac 
taactaattt tgtttttgtg ggcccggcc 



<210> 7 
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-4- 

<211> 150 
<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi a cofeature 

<223> Nucleotide Sequence of p7.5/ATG3/tk 

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatgac gtggatcccc 
cgggctgcag gaattcgata tcaagcttat cgataccgtc gacctcgagg gggggcctaa 
ctaactaatt ttgtttttgt gggcccggcc 

<210> 8 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> CDS 

<222> (1)..(36) 

<220> 

< 2 2 1 > mis c_f e a t ure 
<223> rpL3 

<400> 8 

gcc ttt ctg ggt tac aag get ggc atg acc cac ate 
Ala Phe Leu Gly Tyr Lys Ala Gly Met Thr His He 
15 10 

<210> 9 
<211> 12 
<212> PRT 
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-5- 

<213> Artificial Sequence 
<220> 

<2 2 1> mi sc_f eature 
<223> rpL3 
<400> 9 

Ala Phe Leu Gly Tyr Lys Ala Gly Met Thr His He 
15 10 

<210> 10 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> CDS 

<222> (1) . . (36) 

<220> 

<221> misc_feature 
<223> H2.16 

<400> 10 

gcc ttt ctg ggt tac aag get ggc atg ate cac ate 
Ala Phe Leu Gly Tyr Lys Ala Gly Met He His He 
15 10 

<210> H 

<211> 12 

<212> PRT 

<213> Artificial Sequence 
<220> 

<22l> misc_feature 
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-6- 



<223> H2.16 
<400> 11 



Ala Phe Leu Gly Tyr Lys Ala Gly Met lie His He 
15 10 



<210> 12 

<211> 9 

<212> PRT 

<213> Unknown 

<220> 

<223> cyclin A destruction box of unknown origin 
<220> 

<221> misc_feature 

<223> Destruction box of cyclin A 



<400> 12 

Arg Thr Val Leu Gly Val He Gly Asp 
1 5 

<210> 13 

<211> 9 

<212> PRT 

<213> Unknown 

<220> 

<223> cyclin Bl destruction box of unknown origin 
<220> 

<221> misc_feature 

<223> Destruction box of cyclin Bl 

<400> 13 

Arg Thr Ala Leu Gly Asp He Gly Asn 
1 5 
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-7- 

<210> 14 

<211> 27 

<212> PRT 

<213> RattUS sp. 

<220> 

<221> misc_feature 

<223> Destruction box of rat cyclin B 
<400> 14 

Tyr Met Thr Val Ser lie He Asp Arg Phe Met Gin Asp Ser Cys Val 
1 5 10 15 

Pro Lys Lys Met Leu Gin Leu Val Gly Val Thr 
20 25 

<210> 15 
<211> 28 
<212> PRT 
<213> MUS sp. 

<220> 

<221> mis c_f e a tur e 

<223> Destruction box of mouse cyclin B 
<400> 15 

Lys Phe Arg Leu Leu Gin Glu Thr Met Tyr Met Thr Val Ser He He 
1 5 10 15 

Asp Arg Phe Met Gin Asn Ser Cys Val Pro Lys Lys 
20 25 

<210> 16 
<211> 27 
<212> PRT 
<213> MUS sp. 
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-8- 

<220> 

<221> misc_feature 

<223> Destruction box of mouse cyclin 131 



<400> 16 

Arg Ala He Leu He Asp Trp Leu 
1 5 

Leu Leu Gin Glu Thr Met Tyr Met 
20 

<210> 17 
<211> 26 
<212> PRT 
<213> Mus sp. 



He Gin Val Gin Met Lys Phe Arg 
10 15 

Thr Val Ser 
25 



<220> 

<2 2 1> misc_f eature 

<223> Destruction box of mouse cyclin 132 



<400> 17 

Asp Arg Phe Leu Gin Ala Gin Leu 
1 5 

Gly He Thr Ala Leu Leu Leu Ala 
20 

<210> 18 
<211> 18 
<212> PRT 
<213> MUS sp. 



Val Cys Arg Lys Lys Leu Gin Trp 
10 15 

Ser Lys 
25 



<220> 

<2 2 1 > misc_f eature 

<223> Destruction box of mouse cyclin A2 



<400> 18 
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-9- 

Met Ser Val Leu Arg Gly Lys Leu Gin Leu Val Gly Thr Ala Ala Met 
X 5 10 15 

Leu Leu 



<210> 19 

<211> 53 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_feature 

<223> 7.5k gene promoter MM436 



<400> 19 

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatggg ccc 53 

<210> 20 

<211> 53 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_f eature 

<223> 7.5k gene promoter MM437 



<400> 20 

ggccgggccc atggcggccg cgtgcaataa atagatctag tttttcaatt ttt 53 

<210> 21 

<211> 59 

<212> DNA 

<213> Artificial Sequence 



<220> 
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-10- 

<221> mis cofeature 

<223> Synthetic EL promoter MM438 

<400> 21 

ggccaaaaat tgaaatttta tttttttttt ttggaatata aagcggccgc catgggccc 59 

<210> 22 

<211> 59 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Synthetic EL promoter MM439 

<4Q0> 22 

ggccgggccc atggcggccg ctttatattc caaaaaaaaa aaataaaatt tcaattttt 59 

<210> 23 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Primer MM440 

<400> 23 

gggaaagggg cggccgccat gttacgtcct gtagaaacc 39 

<210> 24 

<2H> 36 

<212> DNA 

<2l3> Artificial Sequence 
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-11- 

<220> 

<221> miscjEeature 
<223> Primer MM441 



<400> 24 - g 
gggaaagggg ggccctcatt gtttgcctcc ctgctg 

<210> 25 

<211> 39 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_f eature 
<223> Primer MM442 



<400> 25 

gggaaagggg cggccgcctc attgtttgcc tccctgctg 

<210> 26 

<211> 8 

<212> PRT 

<213> Artificial Sequence 



<220> 

<221> misc_feature 

<223> Cytotoxic T-cell epitope for ovalbumin (11) 

<400> 26 

Ser He He Asn Phe Glu Lys Leu 

1 5 

<210> 27 

<2H> 70 
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-12- 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f eature 
<223> 75ova 

ggccaaaalt tgaaaaacta gatctattta ttgcaccatg agtataatca actttgaaaa 60 

70 

actgtagtga 

<210> 28 

<211> 71 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> miscjf eature 

<223> 75ovarv 

ggcctcacta cagtttttca aagttgatta atactcatgg tgcaataaat agatctagtt 6£ 

7" 

tttcaatttt t 
<210> 29 

<211> 77 . 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 
<223> ELova 
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-13- 

ggccaaaaat tgaaatttta tttttttttt ttggaatata aaccatgagt ataatcaact 60 

77 

ttgaaaaact gtagtga 

<210> 30 

<211> 77 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_feature 
<223> ELovarv 



^cctcacta cagtttttca aagttgatta tactcatggt ttatattcca aaaaaaaaaa 60 

77 

ataaaatttc aattttt 



<210> 31 

<211> 36 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc__feature 
<223> Primer V V 0 L Z 5 



<400> 31 36 
gcaggtgcgg ccgccgtgga tcccccgggc tgcagg 

<210> 32 

<211> 47 

<212> DNA 

<213> Artificial Sequence 
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<220> 

< 2 2 1 > mis c_f ea ture 
<223> Primer V V T L Z 3 



<400> 32 . 47 

gtaccgggcc cacaaaaaca aaattagtta gttaggcccc ccctcga 

<210> 33 

<211> 27 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_feature 
<223> Primer MM407 



<400> 33 27 
ggtccctatt gttacagatg gaagggt 

<210> 34 

<211> 24 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_feature 

<223> Primer MM408 

<400> 34 

ccttcgtttg ccatacgctc acag 

<210> 35 

<211> 7 

<212> PRT 
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<220> 

<221> mis cofeature 

<223> Partial sequence of tk gene at N terminus 

<400> 35 

Met Gly Pro Ala Ala Asn Gly 
1 5 

<210> 36 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_ feature 

<223> L3 specific primer L3.F1.S 

<400> 36 

cggcgagatg tctcacagga 20 

<210> 37 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f ea tur e 

<223> L3 specific primer L3.F1.AS 



<400> 37 

accccaccat ctgcacaaag 20 
<210> 38 
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<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<22l> misc_f eature 

<223> Bglll-Ncol Sense 

<400> 38 
gatctcggta accgc 

<210> 39 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mi sc_f eature 

<223> Bglll-Ncol Antisense 

<400> 39 
catggcggtt accga 

<210> 40 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mis cofeature 

<223> Xho-l-XmaIII sense 



16- 



15 



15 



<400> 40 
ggccgaaata accgc 



15 
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<210> 41 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> raisc_feature 

<223> Xho-I-XmaIII antisense 

<400> 41 
tcgagcggtt atttc 

<210> 42 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi sc_f eature 

<223> H3-NcoI sense 

<400> 42 
agcttcggta accgc 

<210> 43 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f e a tur e 

<223> H3-NcoI antisense 



-17- 



15 



15 
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<400> 43 
catggcggtt accga 

<210> 44 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f eatur e 

<223> Pstl-Xmalll sense 

<400> 44 

ggccggaaat aaccgctgca 

<210> 45 

<211> 12 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Pstl-Xmalll antisense 

<400> 45 
gcggttattt cc 

<210> 46 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 



-18- 

15 



20 
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<223> Sall-Ncol sense 

<400> 46 
ctgaggaaat aaccgc 

<210> 47 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi sc_f ea tur e 

<223> Sall-Ncol antisense 

<400> 47 
catggcggtt atttcc 

<210> 48 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f e at ur e 

<223> Gus sense 

<400> 48 

atgttacgtc ctgtagaaac c 

<210> 49 

<211> 21 

<212> DNA 

<213> Artificial Sequence 



-19- 



16 



16 
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-20- 

<220> 

< 2 2 1 > mi s c_f eatur e 
<223> Gus antisense 

<4O0> 49 21 
tcattgtttg cctccctgct g 

<210> 50 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f e a t ur e 

<223> NX-Gus sense 

<400> 50 28 
aaagcggccg ccccgggatg ttacgtcc 

<210> 51 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> AA-Gus antisense 



<400> 51 29 



aaagggcccg gcgcgcctca ttgtttgcc 



<210> 52 
<211> 37 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<2 2 1> misc_f eature 
<223> D4R Sense 



<400> 52 37 
aaaggatcca taatgaattc agtgactgta tcacacg 

<210> 53 

<211> 34 

<212> DNA , 

<213> Artificial Sequence 



<220> 

< 2 2 1 > mi s c_f eature 
<223> D4R antisense 



<400> 53 34 
cttgcggccg cttaataaat aaacccttga gccc 

<210> 54 

<211> 34 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_f eature 
<223> D4R Flank sense 



<400> 54 34 



attgagctct taatactttt gtcgggtaac agag 



<210> 55 
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-22- 

<2ll> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_f eature 

<223> D4R Flank antisense 

<400> 55 

ttactcgaga gtgtcgcaat ttggatttt 

<210> 56 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_f eature 

<223> 7.5Gus sense 

<400> 56 

aaagaattcc tttattgtca tcggccaaa 

<210> 57 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mis cofeature 

<223> 7.5Gus antisense 



<400> 57 

aatctgcagt cattgtttgc ctccctgctg 



30 
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-23- 

<210> 58 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Modified D4R sense primer with EcoRI site 

<400> 58 37 
aaagaattca taatgaattc agtgactgta tcacacg 

<210> 59 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Modified D4R antisense primer with BamHI site 



<400> 59 

cttggatcct taataaataa acccttgagc cc 

<210> 60 

<211> 29 

<212> DNA 

<213> Artificial Sequence 



32 



<220> 

<221> misc_feature 

<223> D4R left flank sense 
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<4CH>> 60 

aataagcttt gactccagat acatatgga 

<210> 61 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mis c_f e a t ur e 

<223> D4R left flank antisense 

<400> 61 

aatctgcagc accagttcca tcttt 

<210> 62 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

< 2 2 1 > mi s c_f ea tur e 

<223> D4R right flank sense 

<400> 62 

aatggatcct catccagcgg eta 

<210> 63 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mi sc — feature 



•24- 

29 



25 



23 
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-25- 

<223> D4R right flank antisense 
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<400> 63 

aatgagctct agtacctaca acccgaa 

<210> 64 

<211> 28 

<212> DNA 

<213> Artificial Sequence 



<220> 

< 2 2 1 > mi s c_f ea tur e 

<223> EL-Gus sense 

<400> 64 

aaagtcgacg gccaaaaatt gaaatttt 

<210> 65 

<211> 25 

<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc_feature 
<223> EL-Gus antisense 



<400> 65 

aatggatcct cattgtttgc ctccc 

<210> 66 

<211> 1061 

<212> DNA 

<213> Homo sapiens 
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-26- 

aaaggcagcg aggacttgtg cagactccat ttccagagct gcaaaatggg aataatgacg 60 
ccagcccccc agtgagaggc tggatgagaa gggatgcgca gaaactgttg ggggcacaga 
gcctgaagag catctactgt tttccagtgc aggcaagaag cagctgcaaa agactggaaa 
aagcagttta gagctttggg atcagaaaca cttgtgtatg taactacagg gtggttccaa 
atgccatcag caccgggcgt ggtggctcac gcctgtaatc ccagcacttt gggaggccaa 
ggcaggcaga tcatttgagg tcaggagttc gagaccagtc tggcgaacat ggtgaaaccc 
tgtctctact aaaacaaaca aacaaacaaa caaaaaactg ggccaggcgc ggtggctcat 
gtctgtaatt ccagcacttt aggaggccga ggctggtgga tcacctgagg tcaagagttc 
gagaccagcc tgaccaacat gatgaaaccc tgtctctact aagaatacaa aattaaccgg 
gtgcggtggc acgcgcctgt agtcccagct actcgggaag ctgaggcaga agaatcgctt 
gaacccggga ggcagaggtt gcagtgaacc gagatcgcgc cattgcactc cagcctgggc 
aacaagagcg aaactccgtc tcaaaaaaaa aaaaaaaaaa aatgccatcg gcatgttagc 
gagaaaatgt caactatttc atgcatcagc cacacccacc cccatcccca ggatgcttgc 
cccaccactt tctctttctt ttgtaaactg aaaagcgctt tgcagtctaa gatagtccat 
tagagtaaat gaagccatga agtccagcgg acaccgggag tggggagtgg ggaagcccgg 
cactccggga gaccgggcca gggaaggagg gtctggaccg gacccagccc ctgcccgggg 
agcgagctcc ggagctgccc tacgaggtca aaacgtagca gtggcggaga cccgcagggg 
gcgcccgaac gccaccctcg gcccctcccc gctccagagg c 



<210> 67 

<211> 1278 

<212> DNA 

<213> Homo sapiens 



120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 

90a 

960 
1020 
1061 



gaattccaac ccttcacctt gagcttttgc ctagagctga tacatttctg taagaggtaa 
ggaggcttct gaacacagga gacacatgat cacacacgta tattaaatat ttaacatgtc 
tctagctgca gtgtagaaaa caaactgaag gggagaaatt gcagacagag aggccagcgg 
cttgaacaat ggtaatgggg ctaggggatg aaaaaggagg aaacaaagca ggccgattcc 
atgttggagg cagactgaag ggtaagaaaa gcctgaggaa gcagggccct cacatctgca 
gaggctcaaa ggagaagatg tattgtcggg aaggctgatt ctgtgttgca gtcctaccag 
gtaatcctag gccaggcact taccctgatt ctaagtttcc cacaccctcc tttgaacaat 



WO 2004/037993 



PCT/US2003/033557 



gatactgaca 
aaaatacaaa 
aatatacgca 
atgtatttca 
cccagggccc 
actcaacaac 
caggaccgcc 
ccaccaatgt 
tgttttgcga 
actggggccg 
gccgagtccc 
ctgccagaac 
cggcgcagcg 

ggggagggac 
gctgcgggcg 



actcttactg 

tctgaagaaa 

aaacttctac 

accacaagga 

ttgtacgtac 

tctctctgac 

cttaacggtg 

ccgcttcgcg 

ggaggccgca 

cctcggccca 

cgctcttctc 

cgacccggaa 

aaccatcgag 

ggaggccccg 

cggccgga 



tctccaatcc 

taattccatt 

ctcttgaact 

ccacttgtgt 

tttttcctgt 

ccaacgtcag 

ccacaggtgt 

gcctgaaaca 

ggcggaggtc 

ctcaggctct 

cacgtgcaca 

accaaagcgt 

tttaaccagg 

ctgcccaaga 



-27- 
atcctccaca 
gcttaaaacc 
tgaacagcat 
ttgtgactct 
ctgaagaacc 
tttcttttgg 
ccctccccgc 
gctcccattg 
gtgaaattac 
tcgaacatga 
gcgctcctct 
gacagccagg 
cgcggctaga 
gcgccacggg 



ctgtaaccga 

tttcattggc 

atatgcccct 

gacagaacat 

tcttcgcttc 

aagttctcgg 

aatacacaca 

cccccgcgag 

gggcccaagg 

agggtcggga 

ggaagtcgga 

ggttgctaga 

agggcaggga 

cggggccggg 



cgaccctttc 
ttctattctc 
ttcatttact 
gctctcttgt 
accaacttct 
atcttcagat 
gcgctgggat 
tcactcacct 
gcccgcggct 
gggcagggtc 
gcgctcagac 
gcggccggcg 
ggcggtggga 
ccggcggcgg 



480 
540- 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1278 



<210> 68 

<211> 1201 

<212> DNA 

<213> Homo sapiens 



<400> 68 

ttccagctgt caaaatctcc cttccatcta attaattcct catccaacta tgttccaaaa 60 

cgagaataga aaattagccc caataagccc aggcaactga aaagtaaatg ctatgttgta 120 

ctttgatcca tggtcacaac tcataatctt ggaaaagtgg acagaaaaga caaaagagtg 180 

aactttaaaa ctcgaattta ttttaccagt atctcctatg aagggctagt aaccaaaata 240 

atccacgcat cagggagaga aatgccttaa ggcatacgtt ttggacattt agcgtccctg 300 

caaattctgg ccatcgccgc ttcctttgtc catcagaagg caggaaactt tatattggtg 360 

acccgtggag ctcacattaa ctatttacag ggtaactgct taggaccagt attatgagga 420 

gaatttacct ttcccgcctc tctttccaag aaacaaggag ggggtgaagg tacggagaac 480 

agtatttctt ctgttgaaag caacttagct acaaagataa attacagcta tgtacactga 540 
aggtagctat ttcattccac aaaataagag ttttttaaaa agctatgtat gtatgtgctg 



600 
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catatagagc agatatacag cctattaagc gtcgtcacta aaacataaaa catgtcagcc 
tttcttaacc ttactcgccc cagtctgtcc cgacgtgact tcctcgaccc tctaaagacg 
tacagaccag acacggcggc ggcggcggga gaggggattc cctgcgcccc cggacctcag 
ggccgctcag attcctggag aggaagccaa gtgtccttct gccctccccc ggtatcccat 
ccaaggcgat cagtccagaa ctggctctcg gaagcgctcg ggcaaagact gcgaagaaga 
aaagacatct ggcggaaacc tgtgcgcctg gggcggtgga actcggggag gagagggagg 
gatcagacag gagagtgggg actaccccct ctgctcccaa attggggcag cttcctgggt 1020 
ttccgatttt ctcatttccg tgggtaaaaa accctgcccc caccgggctt acgcaatttt 
tttaagggga gaggagggaa aaatttgtgg ggggtacgaa aaggcggaaa gaaacagtca 
tttcgtcaca tgggcttggt tttcagtctt ataaaaagga aggttctctc ggttagcgac 
c 



<210> 69 

<211> 20O0 

<212> OTA 

<213> Homo sapiens 



660 
720 
780 
840 
900 
960 



1080 
1140 
1200 
1201 



<400> 69 ^ 

cagaaactca tgggctgact ccacatctac tgtgaagtat ggcacactca caaatacatg 60 

catacacaaa tccacactca catgcactca tacacaaatc tctcacaccc acatgcacac 120 

tcatacacac atctagacac atccacacaa tccacaaaaa cacacacaga cacacactca 180 

tacccaaatc ctctcatgcc catgcacaca cacttataca cacatatacc aacacttttt 240 

tctttttttt tttgagacag agtcttgctg gcccaggctg gagtgcagtg agtggcgcaa 300 

tctcggctca ctgcaatctc tgcctctggg gttcaagtga ttctcctgcc ttagcctcct 360 

tagtagatgg gattacaggt gagtggcacc acgcccagct aatttttttg tatttttagt 420 

agagacgggg tttcaccatg ttggccaggc atgtctggag ctcctgacct caaatgatct 4 80 

gcctgcctcg gcctcccaaa gtgctggaat tacaggcctg agccaccctg cccagtcaca 540 

tacaacactt atgtccatac acacactcac acacagtcat acatacatca acactctcat 

gtctatacac acgaatgcac attcaacaaa atctcacacc ctcatacaca tgcacttatt 

ctcacaggca cttgcacact cacaggctct cagaggacca aggctctcct cccatcctct 720 

tggtcaaagg ctttaattat ccccaacgcc tgtaattaac ccttcctctc ttcctgcagg 780 

agagatgtct ggacccgctt cccaagagta ggcaccaagg cgagaggcca agatgtccac 840 



600 
660 
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atccggcaga gaagacccac gtacctgggt agcaggtccc gggcatcaaa gcgaggatgg 900 

ggtcagagag gaagaggtag gcaaagggag tctggggcct cccaggaaat caggcctgcc 960 

acagttgctc ttcctggact ggtcaaatgg tgattggcca acaggcagcc gtgggtggct 1020 

gggcaggcgg gccagagcaa atttcccgtt tgtttcactc acactagccg cttctgtcag 1080 

gaagggagat gagctcatgt ctgaggaagt tttgtgaaga ggccttatca aggggcaggt 1140 

ggtaggcagg tgtcctccaa actgtcaaaa cctatcaacc catgccaggg tcgggggcca 1200 

ggggtgcccc ttgccccctt ccccaaaaag aagcagtggt tcaagcagag accaccagga 1260 

ttcaaatcct gcttctacta cccgtgagct gtgcaccctt tgggcatgtt gtttctgctc 1320 

ttggagcctc agtctcctct tctgtaacat ggggatgatg acccctgcct cccagatgag 1380 

aattattaat aaataagata gtgcatgtct gatccattcc cagaggaaat gaacctattc 1440 

tcagatcata gtaggcttat aggcttctga acagagatac tctttttgac catcagcagc 1500 

ttgatatact cttcaagggt tttaggaagg agggcatcca ggtctatttc tgggccactc 1560 

tctcaggcct gctgcttagg aggcaactgc ttattggacc cccaatccat ttcagctcag 1620 

accttcaggc cagcgttgag ctcagtcgca ttgagctcag tctcagaggt gaagggcaga 1680 

atgggtatgg ctcagcgcaa aaccattaaa cgtttccacc gaggatacca ggctcagaga 1740 

tccctggggg ctaatccgta ggggcgctgg cgctttgaga cgctcaaact ttggaaggcc 1800 

tgcggggagc ccgcgagtcc agagggcccc aaggtcctcc tccaaacccc tccggacttc 1860 

ccctccctct cctccgggtg ccagcccggc ccctttaaag acattcctga gggcgggcgt 1920 

tggtgacgtc acgcagggca tgaatgaaca ggagtcggtt ctcacccaac ttccattaag 1980 
gactcggggc aggaggggca 

<210> 70 
<211> 3458 
<212> DNA 
<213> Homo sapiens 



2000 



<400> 70 

caagcttgtg tgaatgagga aatgcctgtt ttgaagatga acaggactga atgtgatttc 60 

ctggtctttt cgggacagca gtgcttcccc ttgcagatct aatgtcagag cgggacattc 120 

ccccccttgt tttattttca attggagaat gttgttgttg tttctttttt tttttttttt 180 

tttttgagac agagtctctc tctgtcaccc aggctggagt gcagtggcct aatcttggct 240 

gactgcaacc tctgcctccc aggttcaagt gattctcctg cctcagcctc ccaagtagct 300 
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gggattacag gcacccacca tcatacccag ctaatttttg tatttttagt agagatgggg 360 

tttcactatg ttggccaggc tggtcttgaa ctcctgacct caggtgatct gcccgccttg 420 

gcctcccaaa gtgctggaat tataggcagg agccgccgtg cccggcccag ctggagaatg 480 

ttactggcag catcactctg gtcttccatt ccaaagtcca tggtaactga cttgggcaca 540 

cggaatattt ttgtttatca tgttctgatt gctggaagag ataggattat cctgtgactg 600 

cctctgggtc ccatggcttt tatttgacaa ttaatggtgg tggctcccgg tgttccttcc 660 

ttccctggct tccttgttag ggatcgtgaa tgaatagcaa gtgtgggttt tgagtattga 72 0 

ttcttcactc ctttcagagg gcttctgagc tgggagagct gccaatggga tcgaattttc 780 

acttcctgaa acttcaacca aacctgtaac tggggagata ggagagccga gaaaccagag 840 

gcatgaggat gtgtttggtt aggcaggact ctttgaaagc aatcttagga tggtactgag 900 

ttctgtcctg cttatgagac aagaatgcgg gatttattgt gttgtcaagc ctgaggatcc 960 

tctctcttcg caaagcagac ataggcaagg tctgttaaga tgtggctaaa aggcttaaac 1020 

gtttttgata cattttaaat ggtgatcctt cccacctgta cattagtcac tttcctttcc 1080 

ttatacccag gaaggtgtga actttagttt taatcctaga aaaagtccca aagctacaac 1140 

atgacctggt tcttgtattt ttatctgtaa ttgaagagta aataaatgat tggtgcatgt 1200 

ttgttgtaac ctgttgggtg aggtttctcg agactaaaaa gccatatact cattttcatt 1260 

catggcaggc tgttggggtt ttatagttta atgattcagc aaccagttct gcttaggaca 1320 

caggaaagcg atggtgtact gaagccggcc ccactctact tggctccgtg gtgggcttca 1380 

tgttggtagc ctgggaatac ttaccgaagg caaacctgcg aatcaagaca gccctctttt 1440 

ccttcagcag gttgttaaat gtttatcagc tttataattc ctcttattta atggaaagtt 1500 

atatagcact cattttatgc taagcatgaa gcacttcatt agtattaact catggaatgc 1560 

cctggaggta ggtgttacta ttatctgcat ttgcagatgg ggaaactgag gcacagaacc 1620 

ttcaatagct tcctccaggt catggagagt gagtggctga gcctgagttt ggatctagag 1680 

tctagtctca gaggtcaggg gctgaaccgc tgcccagtgc tgcctgctgc tgtttgagca 1740 

cctgctttgt gccagcaact gggaaatatt cttctgtggg catgtcacag acagtggaca 1800 

ctggtctggc caggtccgaa gcccagagcc tcctccaggt tcttgttccc tcattgggaa 1860 

catggtcttg tggacggata atcttgaacc ccgtttctta aaatattctt tggtcattta 1920 

aagccaagcg ggaaggggtg gaaaaaagcc ctttatttgc tcaggaaggt gcatgttaaa 1980 

gaaaaaaaaa tcgtccaatg agacttgtta aaatggtgaa gcgaacttta ttcaggacca 2040 

cggaggcagg tacagggacc acagccagca gattttgcag tgggaagaag agactgggat 2100 

ccgcttgagt acagtatggg caagtgggag ttaatttata accaaggatc agggtggggt 2160 
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tggtgggtgg aaaaatcaca aagagaaaac atcaagggta agggggattc tggctaaacc 2220 

aaccaaacag gattcttgct gaagacaggc tgggtgatca gacatcacct gtggcacggt 2280 

ggaggctgag gaacccgatc agatatccag agtgatcaga taccgagggt gggaggttct 2340 

ggctaaactg actgagcaag gttttttgct aaaactggat tttacaagga aatgcacaga 2400 

tggcctagaa ggttcaggag cttgatataa gtttgatcaa gcgaagaatc tttgtccatg 2460 

gagagtgatg tcagaatgcg gctttactat acagcatttc atgttgacgg catctctagc 2520 

tattattgtt aactgttcac aaaggacaac aagcaaaatg gcccacagct ttcttttcat 2580 

tactgctaat cttagcagtg gtcaaaatgg ttggctctga atttctttct tttttgggtt 2640 

tggggtagta aatggagtga ctgtggacat gttttatgga ttattttaag cgtatgtatc 2700 

tattaaaaat tgagagggcc cacatggcct gctttaaaaa gtcaactgtg agctgtattt 2760 

ggtgctgagc cctgaaccac ccgctgggca gtgggtggct actggcagtg cctgtggacg 2820 

ttctcgggga aagacggtct gattgcacct gctcttcctc agttcctagt actgtgaggc 2880 

actctttccc cactctccca caaccctcag cttaacacaa ctgtggtgat tgctttgtcc 2940 

gttttcccat gaggaccctg agatttcaac aaggttcagt aactcacaca tcgacacttc 3000 

cagggagctg tgttgccagg aactggccca ggtctttccc tcctgggccc atcttgtcct 3060 

taatctctgc tgacattgat gggtttagtt accttgtcgt gtttcttcag tgttttatgc 3120 

catacagtct cccttgagta gatgttctgt ataggggata tcacagcttc ctggtgagaa 3180 

ctgggttaag tccagcagga tgcctgggct tagtggcact ggagttgtgg gtggccttga 3240 

gccccaggca gtcccctgag agcccttccc gatggatgtt tgagtcactg agtgtgttcc 33 00 

ttcttctttc tggtcaggct gtcctggccg ctgcacttac aattgcaccc catcctccta 3360 

cccactctga tcccagagga gagtgcttct gctgtaacct ctaaggcaca agtgggtccc 3420 

aaagtcctta aatatggagg gatgtgggga agcagtgg 3458 

<210> 71 

<211> 773 

<212> DNA 

<213> Homo sapiens 



<400> 71 

catgccctgc tggctgtgtg gtggctaccc 
caggagccgt gcttccttgt gctcccatat 
cagcatggtc aggaggaggg ctctgggaga 



tgtcgcctct gggccctggg tcagtcctgg 60 
aaggaaatag acccaaaagg gtcattctct 120 
ggtgtcgcct gtgactgtgg gctcatgaca 180 
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ggcatgaacc ccttgtggga ggcggggccc cctgtgatcc ctttctattc atttccttcg 240 

tctttcccca cagatgctgt gtgctgtgga cccacctggg gttcatggag tgggccacgg 300 

ggcccagccc taagcactgc tgcgcccagg gtcgccgcgc ctcctgctga ggggtccccg 360 

tgccactggc tctcaccatt gccctcgcct gccgatggcc tctgctgccc agcctggggc 420 

cagctctacc gcctgagccc cctgccccac tccaggactc accgtacccc gatggggtaa 480 

cgtgacacag gccccacacg tcagaggccg ctgtccccac ggccactgcc cgtgacccct 540 

ggcccaaggc agctggagtt ggttcagttc aagttcattc ttcctctggc ccttgggggc 600 

ttggggccca cctctgagtg aagggggctg tctgcccatc caccaatgtg gagagggcgc 660 

ccccggtgtg gggtccagct ctggacactg cttggcggcc gggttcactt tgagttttta 720 

agttttcttt gctgagcttt tttggttgtt ctttttattt tttgcctctt tat 773 

<210> 72 

<21l> 1351 

<212> DNA 

<213> Homo sapiens 



<400> 72 

attaatggaa tatagcaaag aacatcttct gtacgattat ttgtcaagaa tagggccggt 60 

gcggtggctc aggtctgtaa tcccagcact ttgggaggcc gaggcgggct gatcgcttga 120 

ggtcaggagt tcgtgaccag cctgggcaac atgggaaaac ctaaacgtct ctactaaaca 180 

tgtctctact aaaaatacaa aaattagtgg ggcgtagtgg tgcacactgt ggtctcagct 240 

actccagagg ctcaggtggg aggatcacct gagccccgga agttgagact gcagtgagcc 300 

gtgttcgcac cactgcactc cagcctgggc gacagaggga gaccctgtct aaaaacaaaa 360 

aaataaaaaa taaatttcta gcagtacagt tacaatgtca aaggataagg tacacatttt 420 

ttaaaaactt ttctctttct cctcctgaga taacgaaata cagtagcgta tgaacaactc 4 80 

ttcatacatt actctccaag gtttatcttg ttaatccttt aagacgtatc atctccccat 540 

ccttggctgc acctgaaaag agcgggagtc ggcaggtaac ctgatctcct ccaccaggtg 600 

agtcccggat ggaggtgtca actacaagac caggagcaga gcattcctgg ggttttgctg 660 

gaaccatcgg cgtgggaatg ctttctcttc cctcgcccga aagacgccaa gttcccggca 720 

ggcagcggac tcggttctaa ccttcctcgc cccagcctct cggagcgccc tgcacgcagt 780 

gggcgtctaa taaaatgcag ttggccctgc ttggacaaaa gttctccctt aagtggcccg 840 

gacagtaaac ccctccaggt gccacagagc tgccgcgccc gccgccgctt tgctccctgc 900 
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ctgctccctc 
ccggtgcccg 
ccgccggccc 
ccccaggtcc 
agttctgctc 
gggcctcgcc 
gcgggcggag 
aaggagaagt 



ccagcgttcc 
ccagggcacc 
cgcctcccgt 
cgggtccctc 
cggcgccccc 
gagacgagag 
gcggcgcggg 
gggaggaggg 



gcgtgggacc 
ctgcgcgcgc 
ctcctccccg 
agacaagagg 
gagcaccgcc 
gagggaaagg 
cggccgcggc 
gggagctcgg 



-33- 
ctcggcggca 
ccgccggccc 
ccccccggag 
gcgggtggag 
cgcttcagcc 
cctcggcggc 
tgccgctttg 
c 



gctcacaccc 
cgccccggcc 
ccgacgagtg 
gaggaagcgc 
gaccagcccc 
cgcgaggagg 
ttgtgcggcc 



tccctgactg 960 

ccgccccgcc 1020 

gcggcggcgg 1080 

ccgagcccag 1140 

gtcggctact 1200 

cggcgggggc 1260 

cgggccgagg 1320 
1351 



<210> 73 

<211> 5887 

<212> DNA 

<213> Homo sapiens 



<400> 73 

cttccccatc tccatccaga ctggacaaag cctagaagca tttccttcaa caatgagttc 60 

tttccctttc caaccagagc acttggaact ccagcctcta ccaggacaag tgtcaaagca 120 

tgataggcta gggatggggt cccaggaccc tggtggaagc ctaaggccca gaag.tagctt 180 

ctttcaagtg ctctcagctt ctagggggaa agctccagag aaacaaaact gcccaggagg 240 

gcagaagttc tggttaagtc agaccccaaa ttctgagttt cattttgcct atagttcttt 300 

gggggaccat atcgctcaaa aggaaggtct gtttggggac gtttcctccc tggtatgaaa 360 

ggaggcaccg gagaccaaga gaagagacca gctaagccct ggggagaagg cagtttggct 420 

aaggtgagag agggcgctca ccggggaagg tgaggtgagg cggcaagcgg agggctaggg 480 

ggccgactgg gaaattctgg cgcttctccc cggctcacag aactcgccag ctggatcggc 540 

ctccccgatc cctgccaggg ccgcagcagt gaccaaccgt ccctggccaa agctgctcta 600 

cgacggccgg cagtgcccac tccccggggg actcccggac cccagccagg aagagcagac 660 

accacgtctg agcctggagc tagacagtcc ccccacagca ggcagcttgc accgtttagt 720 

ctcggctccc tccgtcctct gtggctcttt cagtcccctt cccagggcct gcccctgccc 780 

cccacacctt cacacaggtc tccttctgtg cagtaacaca ccagctcttt tcctggctgt 840 

cggctcagcc aacttcggcc tgtgctccag aggaagcctt caacgcagag ctggatgggg 900 

gaggggtgga gggcagtcgc tgtgaacgtc caggtgggag tctggggacc aggtactgca 960 

gggaagggct aaaagatagg tcggggtaac ccttcagatc tggctcagct agcctgtctc 1020 
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-34- 








caagatttag 


gactctgaat ctctgtgggc 


tcctccctgt 


ccccactccc 


aaacgcctga 


108a 


cgcggtgccc 


cctcgccctc cgctgctcct 


ttctaccgct 


ttccctcctc 


cctcccatgt 


1140 


cttttccgtc 


cttggtctag ggctctcggc 


ctgcgcctct 


gcaaacaccc 


cctcccctcc 


1200 


aactccggca 


gaactccgag gggaggggcc 


ggacgagccc 


ttcccgcctg 


tggtcagagg 


1260 


ggggcagcgc 


gcagccccgg gtttgggggg 


caggggccat 


ctctgcgccc 


cgcccgatca 


1320 


ggccactcgg 


cgcactaggg gtggagggcg 


ggaagcgtga 


ctcccagaga 


ggggggtccg 


1380 


gcttgggcag 


gtgcgggcac tggcagggcc 


caggcgggct 


ccgggggcgg 


gcggttcagg 


1440 


ttacagccca 


gctgggggca gggggcggcc 


cgcggtttgg 


gcgagttcgc 


cagcctcgaa 


1500 


aggggccggg 


cgcatataac gggcgccgcg 


gcggggagaa 


gacgcagagc 


gctgctgggc 


1560 


tgccgggtct 


cccgcttcct cctcctgctc 


caagggcctc 


ctgcatgagg 


gcgcggtaga 


1620 


gacccggacc 


cgcgccgtgc tcctgccgtt 


tcgctgcgct 


ccgcccggcc 


cggctcagcc 


1680 


aggccccgcg 


gtgagccatg attcgcctcg 


gggctcccca 


gtcgctggtg 


ctgctgacgc 


1740 


tgctcgtcgc 


cgctgtcctt cggtgtcagg 


gccaggatgt 


ccgtaagtct 


tcccccgccg 


1800 


ctgcctgcct 


gcctgctttc catgcgtccc 


tcagcatcct 


tctccccggc 


ccgctccagc 


1860 


tctggagccc 


gcggctccgg gctaaaacgg 


ctcccggggt 


cgtagcgcgc 


cgacttaggc 


192 a 


acaggacacg 


cagaagttca ccaagaagag 


ttctgccaat 


caagactctg 


tcccagggtc 


198a 


ctcggtgccc 


atcgcagttg caagtatttg 


caggtcccta 


cgttgcgcta 


gaatactgaa 


2a40 


cttgcaaagt 


gttggctcgg agaagtttgc 


gcacagatat 


aaatgggctc 


ttttccacca 


2100 


gctttgataa 


ttaggcgcac atgcacacag 


ctcgcctctt 


cgaagcactt 


cgagttcagc 


2160 


aaaaacagat 


ctcaactcat cgaacttagg 


tgaagtagga 


aagagagagc 


gcgacgggga 


2220 


gcaagcaaac 


gccaaagggt tgacttcaca 


gcctgtccaa 


ggcttggtgg 


ctggtgggct 


2280 


caaagcagag 


ttagacaaag gggactaaca 


ctctgacact 


ggtgggctga 


aatcccaggc 


2340 


cacaaagaac 


ggcttccgat aggccctctg 


agacctcagc 


gcctctttag 


ggtaccctcc 


2400 


ccctcccagc 


tggccctgga gcaaggtgca 


gccctagcgc 


tcatctcgac 


ttccctccgt 


2460 


ccgcctgcgc 


ctctcttctg ataaagggta 


cagaaacttc 


cagtaggaga 


ggccatctga 


2520 


aagacgataa 


cattccaacc agaccgtgct 


tttcaaatgc 


ccccgaaaat 


agcgccccct 


2580 


tccccgcggt 


cttaccccat tccccgccgc 


cccyaggtac 


cacaaxgagi. 


cacT-.txtcca 




aattctggaa 


ctcaccgagc caggctgcgt 


ggtgtgtgtg 


tgtgtgcgtg 


tgtgtgtgtg 


2700 


tatgtgtgtg 


tcagggaagg ggagcaggct 


ggtcgattgc 


tacggttgct 


acaactattt 


2760 


caaccggtat 


agttagagat ggctcttgta 


gtcgggtcca 


aatgctgttc 


ggactgcacc 


2820 


tttctacccc 


tcctttggta aggtccactg 


tctgggatta 


tattcaggac 


aaacgaagcc 


2880 
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3060 
3120 
3180 



-35- 

tggaaagtgt attaggtaga gaggattttt ttttccacgt gtttgggcac gtttccgacg 2940 

gctgggattc cagccctgtc tttgtatgtt acagattgta aatcaatcgc agagggaaac 3000 
tcttcggcgg gggaaataaa agttctctgc cttcgaggct ctgtgggccc tctcctgcca 
ccaggctgtt tccagggata gcgtggaagg cggcgggctc aggcgggctt tccggtcatt 
agcgcagcgg gggcagggct ggagcctgcg gcgcagctgc gaggagccgg gagcaggaga 

ctctggccgg gtcacccggt agtgcgctaa gctggaggcg cgctcctggg catttgagga 3240 

atacagcgtg actatacgtg gcctggactc agactgacta tatttttgta ctaaatttac 3300 

aagcacacgc ccacaaagct gtcttcttga ctgacccctg ccttagtgag caatggaatt 3360 

agctgggtgg ctttaaaata attctcaaat tctccatccg gtattagggt cgcttgctta 3420 

attaggcggt agaggtctct catcgccgca tctttcctgg gagggagtga ttccacagct 3480 

tctccggccc aaaccttcca gtcgctcctc ctcccagagg gagtgtgatt ctgcatccga 3540 

gaggctgatt ttgcgccctg gagcatccca ccttttataa cttcccccgc ctggggtcag 3600 

cggacccaaa ggtgtgacgt ggggaaatgc gcagtctgcg tggacgtcag gaatgtcaga 3660 

cacctagagc tcggccacac ccctcctctc catctttcca cgagtttgag aaacttactg 3720 

gcggcggcgt ctttgaccct catctgcatt tcagagccct cgcctccgaa agtgcccctg 3780 

gctcagggga gagatctcaa tcctcctttg tgaggcttgt ttgcattggg agattggcag 3840 

cgatggcttc cagatggggc tgaaacgctg cccgtattta tttaaactgg ttcctcgcag 3900 

agacctgtga atcgggctct gtgtgcgctc gagaaaagcc ccattcatga gagacgaggt 3960 

ccagtgggtt ctctcgtact cccagacccc ctctcccaca atgcccccct gtgcccgccc 4020 

gccgccacct ctcggctcca gccctgcgca gagcggcggt gaagcaaaac agttccccga 4080 

aagaggtagc tttttaattg gcttgccaca aagaatcact tatacggccc tgcggtaatg 4140 

aggggaaccg gatcaggcgc gccgggatgc tatcg^cagc cgttttggag cagcaattat 4200 

ggtggtgctg ggctcctccg tccacaccta ggggatccgg ttacggcgct ggctcctttc 4260 

tggggcagtc atttaatccc acttttcact ctcccggtgt ctgtgagcga gccgtgtcca 4320 

gagccgcagc cacagagtca ctcagcggct cttacaccca gcgcagcctg gccccgcccc 43 80 

tgcgccggcg cttcccgggc cgcccttccc cgggaaatct gatccgcacg gggagtggcc 4440 

cctctcctag catttccccc tctcctccct gggtcctcat gggcgagggt gggctctcct 4500 

gtagtctggg ctggagcgca ttaaccgatg ccccctctcc cacaccttcc tcaccgcctg 4560 

cattccactg ctccagctat tttaacggcg ggtgtgtccc cgcaacttct gtattttccc 4620 

tggaatccct caccctcctg tgattatctt gcccaaaggc taggcggatt tcttctagtg 4680 

ggaaagtaaa aaggaacgtt tatctttgga ttttcactct ctttaaagag cagtgggcag 4740 
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gctcgtttcx 


ttctccgcct 


ctgggtttgt ggctctttcc 


tattattcat 


cccctgctgc 


4800 




ttggggattt 


tgatgagaaa aacacgctgg gcgctcccta cgacgtggtg 


4860 


cggctctaca 


gcccttggct gctaaggagc gctcttgtca gcacaggttt 


catttgcagc 


4920- 


atgaattcca 


gacggcaggg 


cgctggtgga ggagactagt 


ccctgctatt 


cttcctctgc 


4980 


agtcfctggag 


gaggccaggc 


ctggactggc aatcttagcc 


ctagccaggt 


attcaacgac 


5040 


cccfcgctccc 


caaactgggg 


tgctgttttc agatggaggc 


agggcctctc 


caggcagggc 


5100 


tacaggfcgga 


ggtcagcact 


gggggcgctt tggctccact 


ggcctcctaa gcagtttatt 


5160 


agccfcgccca 


agccccaagt 


gtattgtttg aatgggtcta 


tccccctccc 


caaattggtc 


5220 


Ctaattctaa 


tatggttcaa 


agaatgagac aagatcctaa 


ttctaatagc 


tcgtcttttc 




accccccttt 


cttatatacc 


tatttttgga gcctcactgc 


ttatagattc 


caatttttgt 




aggtagaatt 


ttctacattc 


cctctgaatg ttagttgtca gttgtattta gctaatccca 




taattcccag 


aggaaggcag 


aagaaagaag acttctctgc 


tcctgggctg gtggaaggga 




ggtctcgcca 


tttttctgtc 


tcctttcttt ttatagtccc 


agaattccta 


ttcagaatat 




cttgtctcct 


cccttccgct 


caccctccaa ctccctccac 


ccactccatc 


acctggtctc 


ccpn 


ccccgtatta 


ggtgggtaaa 


gagaatatag tatagtaacc 


ccccaccttc 


attgctgggt 


5640 


caagattttc 


actggtgaat 


agacaacatg gtgcaaggtg cataataaat 


atttgttgaa 


5700 


tacatggaaa 


aatcaatgat 


gttttaggaa aataattttt 


aagttctata 


tgtccaggtg 


5760 


gccccagcct 


acattcttca 


gcatttgaat tctgtcaagt 


tgactgcaac 


ctctctcttt 


582a 


ttctctctgg 


ctccccaccc 


cctccttccc ttggctctct 


gcttctccct 


ccccaccctt 


5880 


ggtgcag 










5887 



<210> 74 

<211> 3486 

<212> DNA 

<213> Homo sapiens 



<400> 74 

ctcgaggatc agtttgaatg acaggcatat aggcatttat tgtaactatt ctcactacta 60 

taaaagacaa gttttctgta aaaaagttta aaaagcatat gaacacaaat aacaaaaacc 120 

aatgtaacta atattaacaa ggtggtaata gaacactgat atcagactat acattctaac 180 

ttaggaggcc atcatgatca cctgaggagc ttcatgaaaa tatagtcttt gaaccaccac 240 

tattttaatg aacctcaaag gctgaaggaa ttgtgcattt ccctcaggac agcaggagtg 300 
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gggaaaagag gctgagaacc 


actgtgtaaa 


cactttaagg 


gtatagaata 


tatattattc 


360 


acccagtatt tatcttaatg 


tctaacactt 


aaqaagcact 


taagaaacat 


aaggtgaatt 


420 


aattaacgat ccacagatgt 


acaaatgaat 


aggcaagc tt 


aatagtagct 


aactgccaga 


480 


tgtgaaaaaa atcattattc 


atatttgata 


tttaaaaaaa 


ttactcaggt 


atagagttta 


540 


aagagtatgg ctctctgttt 


gagtggaatt 


gggtttcctt 


cataaagcca 


cagacttagt 


600 


teacttfccaa acacttacaa 


gtaaacaccc 


agagtaaaaa 


tagttttaaa 


tacacaattt 


660 


ggg t ggggt t gfcfcgc fc 1 aga 


aatattcttg 


atttcttaca 


tctgtttgac 


aagacagtgc 


720 


tcttatgtga ctaacaaagc 


aaacagcagt 


cagattcctt 


gtgctgaaat 


aagtacacta 


780 


tttacaaaaa aaqfctQaatq 


tccaaggctt 


attcaataag 


gacaccacat 


tttccaaaac 


840 


taaaaaaaaa fcafcacraatQa 


caaataccca 


catatattta 


catatcccta 


aaagaagaca 


900 


tacaacctcc tggtatggat 


ttttttgtgt 


ctctaataag 


tactaactgg 


agccaagtct 


960 


accatctoac catoaaaaac 


agcagaatac 


ctgaagcaca 


ggaataatct 


aattttaaaa 


1020 




cctaatccaa 


acttttcatt 


gtgttgataa 


aaaacagaca 


1080 


cccagagagg tfcaaagtgaa 


aggctcfcgaa 


aattgttgca 


atagccacag 


atgaacaaat 


1140 


ggtatacaca ggggcatagc 


actatgfcatt 


aaaaactqaq 


aattagtctt 


ctgaacgttc 


1200 


acgagtgafca acfcaacaggt 


atcagctcta 


ttatagcaat 


agcagtatgt 


qtqtqcatqt 

3 ZJ zj ZJ 


1260 


gtafccaccat atatacacac 


aaaatattaa 


aatatatatt 


ttaataattc 


ctttcaaaac 


1320 


aaattcaacc tagcattcaa 


aagcatccat 


aaagttacct 


cacctacttt 


ttcaaaattg 


1380 


tgtccaaatg ggccataagc 


caaaaggcag 


gtgtttctct 


cacttatctt 


tgtagtctcc 


1440 


t*aeacrat*:cifca acaciacrtaca 


tattataatt 


acaaaagcta 


ttccatatat 


aatttccaaa 


1500 


tgatgaatta taaactttcc 


tattttgtta 


ttctaaactg 


ctataagaaa 


catattttat 


1560 


atgtatctat gagtattata 


cagagatata 


tacaacaatg 


gtaaattttt 


ttaatatggc 


1620 


aatcaacaaa atgcttacaa 


qc a aoacr acra 


qaqqcaatqa 


gatgccttat 


ccatttacat 


1680 


ttccataaaa aoctatacaa 


ggctttgttt 


aaaatacaga 


aaattgcttg 


aaqaqaaaaq 


1740 


aaaaaaaaaa aaaaaaqqac 


aatctttagt 


tcattcactg 


gtcaactttc 


aattattcat 


1800 


tattgttagt actgaatcca 


tactacttta 


attctgtgga 


ggtagaaaaa 


tgatgtgtct 


1860 


atgcctgtgt atggaattgt 


cctcctcaac 


cagttcacct 


gcatagtcaa 


tttgattttg 


1920 


attcaaaacg atgaaattaa 


ataagatgaa 


aaatttggac 


tctcaacttc 


ccacctttat 


1980 


tagatttttt aggatcctaa 


aaactgattt 


taaaggcttc 


ctaatattgt 


taaacagagt 


2040 


ctaactacca aaattgacaa 


caatagtgtt 


tacttccacc 


tttgagggaa 


agtgtttcta 


2100 


attgggatga ttcctaactg 


caagttaagc 


caataatatt 


ttttttaagc 


tgaaagcaaa 


2160 
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gtttgaaaat 

gagattatca 

ttaagcaaga 

taaatcctaa 

tgaatattaa 

taaatccagt 

aatatcaacc 

ccaccgcgaa 

acggtccttg 

aaaacaagga 

cataattagt 

taagggaaaa 

catctgggca 

cgcaggtaag 

taaagattta 

tctactaatg 

attgtaaaat 

ctagt.tcaaa 

cttaggtaat 

tattcacata 

gataggttaa 

aaataggtta 

agaata 



ttttttctcc 

aattaagggg 

aaatctgaag 

aagcctaaaa 

tagacacatt 

acccccttca 

aattaacata 

ccagcctgaa 

gttaaaacta 

aaaggagagc 

gcttaccaac 

acagtataaa 

gaggaagctt 

cgtacgctta 

aatacttgag 

cactccaaag 

ttgccctaat 

gatcctagat 

catttatttc 

actaaaaaat 

aaaagtagat 

ataacaatgc 



tgaaataaac 

tttttgcaaa 

tcatttactg 

gtaattaaga 

gataacttta 

aggaatttta 

agaatgtgct 

cactagagta 

ttaatatata 

ccagcccgat 

tttgagggga 

taccactgaa 

cagaaagctg 

ctggtggact 

ttttctcaag 

tctttgcatc 

ccgaatttca 

tatttaatac 

actgatcctg 

gatctctcat 

aactgtataa 

tgtataaagt 



-38- 
acagcaatct 
ctctactgca 
aatatagcgt 
attggggtca 
tgtaataact 
tccgctttta 
tttcaaaaat 
ttaattaata 
tttaagacaa 
cttgtgtgcc 
ggagcttaag 
cagctcttga 
ccaaggcacc 
tcccatgtta 
tattagaagt 
agtctgtgga 
gtgtattttg 
agacatccaa 
agtatagctt 
ttatttatgg 
agaactcatc 
tattcttttc 



tatgtaaatt 

actctaaagt 

agtgttgtga 

gctattttca 

caataattta 

tgtactacca 

aaaaaggggg 

aaatagaatc 

tgggtttatt 

tacccaatag 

ctcagggtaa 

gaggcacctt 

atctccagga 

acttgcttgg 

attaagtgat 

tgatagtcca 

aaactattag 

tctcaatttt 

ccaaaaataa 

cacatattaa 

tgtgaaacat 

tgtttttcag 



aacataatat 

aaacccaaat 

ataagggatc 

caaaaattta 

gatgatggtc 

catattatat 

tatcatcatt 

acagacaaag 

tttaaataag 

aactttccac 

cctcatgtag 

ctgcactgct 

actcccagca 

aaagaaactt 

ttaaaatggt 

ataaaaccat 

atatttcagg 

cgtttctttc 

ctaagacata 

aaatatatag 

gagaataaaa 

aatccatctg 



2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3 GOO 

3060 

3120- 

3180 

3240 

3300 

3360 

3420 

3480 

3486 



<210> 75 

<211> 3398 

<212> DNA 

<213> Homo sapiens 



<400> 75 

ccagtgagaa agctcatcac ttggtctcct ttaaggccag ttggctgcct aacaattttt 60 
taaataagag gagccagtat taaatttttg ttcaaagagc acacttgatg catgagacag 120 
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ggcccatatc tgtatttttc tctactgtat ttccagccta gagttgacaa acagtagatg 
ctcagtacat ttgttggcta gatagataac ttgatggatg gctggctggc tggctggctg 
gctggatgga tggatggatg ggagaattat gaaatcatga agctccttct ggccctgaca 
ggcatggtca ttcttctctt ttctgcctga gagtaggtgg aataggagat ctgtattact 
ccatggcttc tcttgcttca gttcctacgt tgccaacctc acatgaggag aatcctacac 
atgtttaaaa actggcaatc atatcactgt ctcatatttc tgttatcact tctgggagtt 
tcttcaaata ttctctcctc tgaataacac ttcttttttg ttaagggaaa atgtctatat 
aagtgtcttt cataattatc taaaatctaa ttagaattta gagtttcatg tggtctcgtc 
ttgacaagat atcccaatta agaaaatgca aactagctgg caaaattaat ttgttcaaat 
ttcaatattt tctgaaaatt ttcagacagt attctgcaat ctcaaacaat gctattccta 
accaaagcaa cttttatttc tctgttccca tgtctcgctt ttaatatgtc tcaccttcta 
caactgcctc cgtttttctc tgtcactcag tctctaccta aaactcaccc agcaaaccaa 
attggtaagg ctcttctcat ttccccttct ccgttttttt ttttttccta cttccattct 
tttcttctgt cttctctcag atgagtcaat cttggtcctt tctaatgcaa agctcccatc 
cctgcttcat gcgttagtcc aagtcctcat cataaaaaca tatgactgga gttggcattc 
acaaagttgt ctttgaaatg gggagtaagg tgacagagga gaaaaagaag agctctggat 
tctcagacat gttaataatt tttacatatc atatfjltaaat gggattttgc agagaagaac 
cagaaataga tgggagagca atggacagga aaggcagatg agggaccgaa gagacacagc 
tcccaaaaga aagttagcct tacaaaaacc aagacgataa agagaaatgc ttaagtttag 
ggaatccagt ggaagcagtg atttaaggtg aacaaaaggt gaaccttaag ttgaaatgag 
aagtgtagga ttttcaagtt tagtttctgg gagtgtaaaa ataaaaaaac aattgtgatg 
tcagaggctg aaagattata gttgtcattt gaacttgggg ataaaggaga catctatgac 
ttggctggaa aagacagagc taatgtacat tgcaaagcac atatttatag caggaaaatg 
ggaagatttc tctttaattc tggagatgga gtggggatgg ggagagtaga ctactcattt 
taagggtgaa acattggaat tcaacttgtt tgatgttata ttaattggtg gttaattact 
aagctaagta cgtataaaac ttttatctat ggctagcttg tccccccaaa gtcatgcaat 
atagtgaact ggctttcgca ctttaaatta ttcattgatc atgtaatgat tcagatgatt 
catcttccaa gatggacact gaaactaaca ctcatagtag gttgtggttt aaagagtgga 
acaaccgcca gtctcattag tggaaattgt gatggttgaa tttatcaagg atgaacatac 
acggtcttct ttctgagatt ttctttaaga ttttcgcaca gataatctat ttcttaggtt 
ttggagagaa aacttgaatt ttattgatcc ctcagaactc aatctttcag atttcaaagg 



180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
10BO 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
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agctatttct tttaatgggg actctgttaa tatttataaa agctcttcac aggatggagg 
gtgggaggga aactccatcc caacaagaca aaaagaatga agcatgaggc tccacctagt 
tcatcactgc tccttgaaat acatcagtat tgaaagacac atccacccca cccccaaccc 
agccctattg ctgttccagc tcaagagtca gaggtcccga agctgtagct cttctacaat 
agtctccaaa aaatatggtt tatgatttga ttaaagaata ctgcctcgcc agaagctccc 
gagaggcaca tctggtagga cagattttgt gattgcaaaa gaagggggaa aaaaagaaag 
aaagaaaaga cctctctata caagataacc agaggcatca aactgaaatc ctcctgtgga 
aaataagcta gtacttctgg gcctgatggt gtagtgaaaa cctgtgcttg aggatacatt 
acagtgaaag agcaaagtga atagtaagta gctattactt acctccttag ggaggtgtgt 
tgtttgtctg tacatccccc acagcaccta gcacagtacc ttgcatctca cctgccactc 
actaaaaagt ctatcaagtt agttaattat cgagacaacg ccctcagaaa tgagagaaca 
gtaccctctt atccttgctg cactttccag cactgatacg ctgcctaaaa gaggactagg 
gcacaggttt gaattaatgt cacaaaactg gatgggcaag ttacaacggt gttgattaag 
gaaacagaac tcatggggca ccggatatct ccatcctgat gaacccttgg aaaaatgcca 
aagatgcata tccccaggca aatgcctgat tagtctggga ttgatagatt ggtctaggat 
tcagccctac tgggaagatg tctaaattat aatcagtgta gaaagcgaag ttctcctaga 
agaagaggca aaggttaaaa agaagaaaag aaaagaaagt gaagtccttt ctcccccaaa 
acctctcatc aatcaatcag ggtaacaaac agaacactag ggctctgtct gtggaccaaa 
cccaaaagcc ctgcggtcag ggccaggagg gtagatcatg tgtttgtggc aacttcctct 
gtgggctttt gcccaggtct gtccccaagc atacgatggc caaaacttct gcaccagagc 
agcatcctgt gtaacacagt caggtccagc agttagggaa aactgcccac tcagagtaga 
taatatctgg aaggaatgac tgtttgggaa aagttccaat gctagttcag tgccaaccct 
tccccacctt ctccagctct ctcccactgg ttcctcccct ctcaactgct ctggttctta 
taaaaacctc acagccttcc actaacatcc cataggag 



2040 

2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 ' 

2760 

2820 

2880 

2940 

3000 

3060 

312a 

3180 
3240 
3300 
3360 
3398 



<210> 76 

<2H> 1009 

<212> DNA 

<213> Homo sapiens 



<400> 76 

gaattcagtg ctcagaggaa agggagtggt tattccatca gagctggttc cccaggagcg 60 
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ggagcagggc ctgtagcacc cagcctctgt ccctggctcc cgtctatccg ggattttagc 12a 

gtttcctctg tagttttcaa gcactgtctc atatgactct cgcaccagcg agaggccagg 18a 

ggagatggtg tctgcctgtt aaagaggggc aggctggtcc acataggtca agtgacttgg 240 

ccaaggtcac cagagcagag ttttgaactt gagctgtctg actcaactgc ctgggaagtg 300 

cctgcccctc ctctggcatc cagggagcat gtcctggggc tctggctggg acatagccgg 360 

acacctgcgg gccctttacg tctctaaaga gagaaagagg gaagggcccc tgtctagggg 420 

gtggtttccc tccagatgcc acccctccga ggtccccttc tgcttcttct tgcggtagcc 480 

agggaggcag cccacgggca gggaagcggg ggtgggggtg cagagtcaga ggtgcacgtg 540 

gacagagaca gagagacagg gacacgtggg cagagacgga taaagacaga gacccagaga 600 

aagccagata tgttgacaga cacagagaca gacgccagag aggaaggcag acaaagagac 660 

gggtggagac aaagactccc accaagagac gcagaaggaa gatgccgacg gtaaagacaa 720 

aacaggagac gcgcgcaagg agcaggtcag agcccaggct cgctgagaga ggaagggctg 780 

ggctggggca gcccggaggc agagagaccg agagtgcggg gcgggcgagg gacgccaggg 840 

ccgcgtcacc ccagcccgtt cctagctccg ctcccggcag ggggcgccct ggcctcgtgg 900 

cacgaccggc ccgcggggcg cggggctcgg gccgggggcg gggccggggc cgggctgggg 960 

aggggttggg gccgggggcg ggggaggggg cgggctgccc gggcctcac 1009 

<210> 77 

<211> 1107 

<212> DNA 

<213> Homo sapiens 

<400> 77 

aaaggcagcg aggacttgtg cagactccat ttccagagct gcaaaatggg aataatgacg 60 

ccagcccccc agtgagaggc tggatgagaa gggatgcgca gaaactgttg ggggcacaga 120 

gcctgaagag catctactgt tttccagtgc aggcaagaag cagctgcaaa agactggaaa 180 

aagcagttta gagctttggg atcagaaaca cttgtgtatg taactacagg gtggttccaa 240 

atgccatcag caccgggcgt ggtggctcac gcctgtaatc ccagcacttt gggaggccaa 300 

ggcaggcaga tcatttgagg tcaggagttc gagaccagtc tggcgaacat ggtgaaaccc 360 

tgtctctact aaaacaaaca aacaaacaaa caaaaaactg ggccaggcgc ggtggctcat 420 

gtctgtaatt ccagcacttt aggaggccga ggctggtgga tcacctgagg tcaagagttc 480 

gagaccagcc tgaccaacat gatgaaaccc tgtctctact aagaatacaa aattaaccgg 540 
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gtgcggtggc acgcgcctgt agtcccagct actcgggaag ctgaggcaga agaatcgctt 60O 

gaacccggga ggcagaggtt gcagtgaacc gagatcgcgc cattgcactc cagcctgggc 660 

aacaagagcg aaactccgtc tcaaaaaaaa aaaaaaaaaa aatgccatcg gcatgttagc 720 

gagaaaatgt caactatttc atgcatcagc cacacccacc cccatcccca ggatgcttgc 780 

cccaccactt tctctttctt ttgtaaactg aaaagcgctt tgcagtctaa gatagtccat 840 

tagagtaaat gaagccatga agtccagcgg acaccgggag tggggagtgg ggaagcccgg 900 

cactccggga gaccgggcca gggaaggagg gtctggaccg gacccagccc ctgcccgggg 960 

agcgagctcc ggagctgccc tacgaggtca aaacgtagca gtggcggaga cccgcagggg 1020 

gcgcccgaac gccaccctcg gcccctcccc gctccagagg ccccgccccg tcacgtgccc 1080 
gcggttcgcg tcacacccgg aagcagg 



1107 



<210> 78 

<211> 7401 

<212> DNA 

<213> Homo sapiens 

<400> 78 

tgtccagatt ccaggcccaa ggaaactaaa attatcttgg gcagatgggg gcgggtccag 60 

gggaggcgcc tgggaggagg aaacctggga ggagggcgga gactccctga ctacgccaac 120 

tgggattgtt tttgcccttc ctagcctggc agcaggtgcc aagggaggat gcaggtgcct 180 

ggggagaggc ggggaagaca gccgaacaga cagtaccacg agcgaagatc aagagtcccg 240 

accacctggg agggaggggg gagggcctgg gggctgcaag gtaaggggaa ccaccccatc 300 

cactcttttc caacaccctc cccgaacctg gtctgttcat tggccaagcc tgggggcctg 360 

tctgcagctc tggatcccac cccatggggc aaagagcacc ctgccgagag ggacgccagc 42 0 

cagggtggtg tccagcaaca tggcctgccc ctcgatctgc agtcaccctt accgtggtgg 480 

ctgcgccctg gcccctcaga ggtacccagg gtaagccctc cctcccccgc cccccacctt 540 

ctgagcaaag tccagagtct tggcttctcc tttaaaatcg agggggttag gcagggtggc 600 

acagtgggag gagccatggt gacctggaga aagctctggc ctgggcccct ggggattcct 660 

cttagaggga tcactttatt ttattttttt ttgagccaga gtcccgctct gtcacccagg 720 

ctggagtgta gtggtgccat cttggcgcac tgcaaactct gcctcccagg ttcaagcaat 780 

tctcctacct cagcctccgg agtagctggg attacaggcg cctgccacca cacccagcta 84 0 

atttttgtat ttttagtaaa gatggggttt ctccatgtta accaagttgg tcttgaactc 900 
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ctgacctcag 
caccacgccc 
tcagtgctgg 
gcggccacca 
aggtccaccc 
cctaggaaaa 
tggtgatgga 
tatctgttta 
acaacaaaaa 
aagaatcaca 
ggagtcagga 
tgggaagggg 
ggaaatcaat 
gttggaggag 
gtggagagag 
gaaaatagat 
aggaaggtgt 
atccatcctg 
tatttagact 
ctggatattg 
atcaacttat 
ttggggagga 
accatactgt 
tagaaaggca 
ggctgaggca 
accccgtctc 
cagctactca 
gtgctgagtt 
aaaagaaaaa 
tctgaattta 
caacactttg 



gtgatctgcc 

ggcctgaggg 

gcaaacacag 

cccagcttga 

tggaaggggc 

ccggtatgag 

gcagcttgtg 

gtacctacca 

cagaccccgc 

caaataagaa 

aagacttctc 

gttggaatcg 

gccagagctc 

aagggaggaa 

gaagctgtgc 

tcttgggctc 

ggtattgaca 

tttgtccaga 

taagtagaag 

aaggatggga 

atggctttct 

gggagagggg 

atcttggttt 

cactcaaggc 

ggtggatcac 

tactaaaaat 

ggaggctgaa 

cgagccattg 

aaaaagaaag 

aaaacaacaa 

agaggccgag 



cacctcggcc 

aacactttag 

ggtacttggg 

tgtgggtgac 

acgaatgagt 

tgggcccagc 

caaaggcaga 

tatgccagcc 

ccatcctcac 

atgacaggag 

agtggaggtg 

gtggatggga 

tgggcaggag 

gcagaggcca 

ttctgcaaat 

ctctccagca 

agccctcagg 

tgggcaggag 

cacagaggag 

tggaaacaaa 

ggagcgggtg 

tccacagtag 

tggggttgga 

tgggtgcgtg 

gaggtcagga 

acaaaaatta 

gcaggagaat 

cactccagcc 

gtacactcaa 

caactataag 

gcaggtggat 



-43- 
tcccaaagtg 
ttctctcagg 
agaggggtta 
aggaaaacaa 
ggctcctgcc 
aaagaagtgg 
gtagacaatt 
ccatgttttg 
acagccaatc 
acaactatgc 
acagctgagc 
attggggaag 
gagatgcagc 
cgtgggtgaa 
gtggcctcta 
actgaatctc 
tggctgttct 
tagcggtcaa 
agggcacatt 
gccacagtca 
gaactgtgtg 

ggggcacagg 

tgcacaaatg 
gttcacccct 
gttcaagacc 
gccgggcgtg 
ctcttgaacc 
tgggagacaa 
gaggatgaat 
gccaggtacg 
catgaggtca 



ttaggattac 

gatcacttta 

ggaggtggag 

acaatcctta 

tcaattttct 

gggaggaggc 

cactcattca 

tgctggggat 

aggaagattg 

tgggaaaatg 

agaggagaag 

gaggccactt 

atgcggagac 

cctggacagg 

gacctcccta 

agtctctagg 

gcaaaccagg 

agaccagacc 

tacattttgg 

gagggcggag 

aacaaaaacc 

gacttgtgag 

tgtgtgtttc 

gtaattccag 

agcctgacca 

gtggcgtacg 

cacgagacgg 

gagcgagact 

tttactgtgt 

gtggctaaca 

ggagttcgag 



aggcataagc 

gctgtctcat 

atcaaaggct 

gggtgataag 

ccagagtttt 

aaggtctctt 

tttattcaac 

acaggcgtaa 

atgttaacca 

actcacatag 

ctggctgaca 

tccccagtga 

agagagtggg 

tgtggaaggt 

accttgtgtg 

gctaagaccc 

tttgagagcc 

ctgcaagttg 

aaagatcatc 

tgctgtagga 

aggtctgggg 

aggtgatggg 

ttaggactca 

gactttggga 

acatggcaaa 

cctgtaatct 

aggtttcagt 

ccatctcaag 

ataagttgta 

cctgtaatcc 

accagcctgg 



960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
192 0 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
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ccaacatggt 
gcacctataa 

cgggggttgc 

ctccgtctcg 
acagaatcca 
ccaagacaat 
atagccacat 
aaacttgaaa 
aaccatggga 
aaagacaact 
cacttcaaaa 
aatcccagca 
agcctggcca 
aatacaaaat 
aggcaggaga 
tgcactccag 
aaaaaaaaga 
tgaggcaggt 
cctcatctct 
agctacttgg 
gagctgtgat 
aaaagaaaga 
gaggctgagg 
gaaaacagcc 
cgcctgtaat 
ggaggttgaa 
ccctgtctca 
agaaaatagt 
tggttggtat 
aatgggcaaa 
ctacatgaaa 



gaaaccccgc 
ttccagctac 
agtgagctga 
ggggaaaata 
gagtccaagt 
ttcatggagg 
gccaaaaggt 
tagatcagat 
gatagtcttc 
gacaagagaa 
gccaccatta 
ctttgggagg 
acatggagaa 
tagccagaca 
atcgcttaaa 
cctgggcaag 
aggggtcagg 
gaatcgcttg 
acaaaagata 
tggggctgag 
tgtgctactg 
aaaaatgaag 
tagccagatc 
tggccattgc 
ttcagctgct 
gtgagccaag 
aaaaaagaaa 
tgcaaatcat 
ccaaaatata 
agacttgaat 
agatacacga 



ctctgctaaa 
acaggaggct 
gatcgtgcca 
ataataataa 
agaaaccctt 
aaaggatagg 
gaatttagat 
acctgaatgt 
atgaccttgg 
aaaaattgat 
ataagaggcc 
ccgaggcgga 
accccatctc 

tggtggtgca 

cccaggaggc 
aagagcaaaa 
catggtggct 
agcccaggag 
taaaatctat 
gtgtgacaat 
cgctccagtc 
ccagatgaag 
acttgaggcc 
tactaaaaac 
tgggaggctg 
attgtgccac 
gaaagaaaga 
atacaactat 
taaagaactt 
agatgtttct 
catagtcatt 
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aatgcaaaaa 
gaggcaggag 
ctgcactcca 
taaataagaa 
acatttctgg 
cattcaataa 
cttttgctca 
aagagctaaa 
gttaggcaga 
gttagacttt 
aggaggccgc 
tgggtcacct 
tactaaaaaa 
tgcctgtaat 
ggaagttgca 
ctccatacga 
catacctgta 
tttgagacca 
ccaggcatgg 
cacttgagcc 
tgggtgacag 
tggctcatgc 
agagttccag 
acaaaaaatt 
aggcacaaga 
tgcactccag 
aaaaagaaaa 
atatggttgt 
ttacaaatca 
tcaaataata 
agataaatga 



ttagctgggc 
aattgcttga 
gccagggtga 
tgcgtttata 
tcaattgatt 
atgctgctgt 
caggatgcat 
accataaaac 
gaacttgaat 
gtcaaaattt 
gcgcagtggc 
gaggtcggga 
aaaaaaaaaa 
cccagctact 
gtgagccaag 
aaaaaaaaaa 
atcccagcat 
gcctaggcaa 
tggtgcgggc 
tgagaagttg 
agaaagacac 
ctgtgatccc 
accagccttg 
atctgggcta 
atctcttgaa 
cctgggtgac 
aaaactagcc 
atatatggtt 
ataataaaga 
tgtatatgaa 
gaattaaaac 



atggtggtgt 
acccaggagg 
cagagcaaga 
ggtcaatgga 
ttacaaggtg 
gatcaattgg 
aagaaaaaaa 
ttctagaaga 
ataacagcaa 
aaaatttttg 
tcacacctgt 
gttcaagacc 
aaaaaaaaaa 
cgggagtctg 
atggtgccat 
aaaaaaaaaa 
tttgggaggc 
cctggcaaga 
ctatagtcct 
gggctgcagt 
tgtctcaaag 
agcactttgg 
ccaacatagc 
tggtggtgca 
cccaggaagt 
acagtgagac 
gaagactggg 
gtatatattt 
gacaaataaa 
tggctaataa 
cacagttaca 



2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 

3600 

3660 

3720 

3780 

3840- 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

4500 

4560 

4620 
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taccatgtca 
ggatatggag 
ccatttctta 
aaatacaaaa 
aggctgaggc 
cactgctgca 
atcataaatt 
aaaacacaca 
aaaaaaactg 
ccacacagtg 
tgaacgcatt 
attattctgt 
tggttgcaca 
caggttgacg 
actgcatttt 
cacccaggct 
caagcgattc 
tttgtatttt 
gcgtcaagtg 
tacgacctgc 
aatcccagca 
cctggccaac 
gtgggcacct 
aaggcagagg 
aagactctgt 
ctggcaccta 
aggtggaggt 
agactccatc 
gtggcgtgtt 
cagactccat 
tggatgagaa 



tgtccactag 
agacaaatcc 
aaatgttaaa 
aaaaattagc 
aagaggatag 
ttccagcgtg 
aaacacagga 
cctatacaaa 
gaaccctaaa 
gaatacgact 
tcaaaaaaca 
ttatatgaaa 
ggactggaat 
gaaacattct 
ctttcttttc 
ggagtgcagt 
tcctgcctca 
tagtagagac 
atccgcccac 
ctggtttaaa 
ctttgggagg 
atggtgaaac 
gtaatcccag 
ttgcagtaag 
ctcaaaaaaa 
tgatctcagc 
tgcagtgagc 
tcaaaataaa 
aggataccat 
ttccagagct 
gggatgcgca 



gatggttata 
tcatatattg 
tgctagcctg 
tgggcatggt 
cttgagttta 
ggcaacagag 
cccagcagtt 
gacacctaaa 
tatccatcag 
cagcaatgaa 
tattgaatga 
catccagaaa 
tgggagctgg 
gtaactggat 
ttttcttttc 
ggtgagatct 
gcctctggag 
agggttttgt 
cttggcctcc 
aaaaaaaaaa 
ccaagatggg 
cccatctgta 
ctgctcagga 
ccgagatcgc 
taataataat 
tactagggag 
caagatcgcg 
taaataaata 
agtggtactg 
gcaaaatggg 
gaaactgttg 



-45- 
atcaaagaga 
ctggtgggaa 
ggcaaaatgg 

ggtgcgtgtc 

gcaggtcgag 
cgagaccctg 
ctacccttag 
catttgtagc 
ctggtgaatt 
aaggaacaaa 
aagaaccaga 
aggcaaagtt 
attgaccaga 
tgtagtgatg 
tttttttttt 
cagctcactg 
tagctggtgc 
cgagttggcc 
caaaacgctg 
atgagcccgg 
cagatcacaa 
ctaaaaatag 
ggctgagaca 
accattgcac 
agtaatacaa 
actgaggcag 
ccactgcact 
aataaatagc 
taggcaggga 
aataatgacg 
ggggcacaga 



cagaaaacaa 
aactttgaaa 
caaaaccttg 
tgtcgtccca 
gctgcagtga 
tctcaaaaaa 
gaatctaccc 
agcattattc 
aagaaaaaaa 
ctactctaga 
agcaaaaggc 
agagacagaa 
aacaggtggg 
gttaggcaac 
ggaacacagt 
caacctccac 
gccaccacac 
aggctggtct 
ggattacagg 
gtgcagtggt 
cttcaggagt 
aaaaattagc 
ggagactcac 
tccagcctgg 
aagttagctg 
gagaatcgcc 
caagcttggg 
ctaaagggac 
aaaggcagcg 
ccagcccccc 
gcctgaagag 



gtattggtga 
aacagtctgg 
tctctacaaa 
gctattcagg 
gccatgtttg 
aaaaaagata 
aagagaaatg 
aaaaaagaca 
tgtggcataa 
cgctacagga 
cacatagtgt 
agcagatcag 
aaggacttat 
agtacaaatc 
ctcactctgt 
ctcccaggtt 
ccagctaatt 
tgaactcctg 
tgtgagccac 
tcacacctgt 
tcgagaccag 
tggcttggtg 
ttgaggccgg 
ccaacagagc 
ggcgtggtgg 
tgaacccagg 
tgacagagtg 
actagagtgg 
aggacttgtg 
agtgagaggc 
catctactgt 



4680 

4740 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

5460 

5520 

5580 

5640 

5700 

5760 

5820 

5880 

5940 

6000 

6060 

6120 

6180 

6240 

6300 

6360 

6420 

6480 
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aggcaagaay 


rarfrt*nr , aaa anarfrffiaaa a AdCaCfttta aa.QCfcfcfcC[CIO 
\* cty L< y v» ex ct d cty cll* uyy acta na^«g t-t*. j 5 -*^^ ^- ^- ^ 


6540 




u t.t.y uy t-cLuy 


t-aart-araaa at*oat*t*craa ataccatcaa cacccrciCfCat 


6600 


yyuyyC ucac 




ppaararhH" oaci acrafina a CfCfcaQCtC&Cfa tcatttcfacjcf 


6660 


tcaggagfctc 


gagac cay t c 


frf/trrTAapat* nrrhrtaaarrT' ■hertr'fccfcact* APaAaca 
"99^3^*** yy uy dcicUrf*-*^ ^*y ocicio^cicin'-.ti 


6720 


aacaaacaaa 


caaaaaactg 


QQCCayyCyC yyL.yyCt.CclL. yut*i*yL.aauu L>L.a.yL.ciL> l. l. l. 


6780 


aggaggccga 


ggctggtgga 


+• a n >>• « v a fnaacianht'p prarfannarrpp hnappaaca^ 

ucacexgagg teaayayuue ya.yciL*L.ciyL.L. uyctu^aciuctu 


6840 


gatgaaaccc 


tgtctcxacx 


aagaaracaa aatcaacegg yt.gcyyt.yyc acgcgcccgL 


6900 


agtcccagct 


actcgggaag 


cxgaggcaga agaatcgett gaacut*yyya yyt-ayciyyuL. 


6960 


gcagtgaacc 


gagatcgcgc 


CctuCyCclCUU Cagt<^Lyyy^ cieiL.aci.ya.y^-y aaav*u^yu\- 


7020 


tcaaaaaaaa 


aaaaaaaaaa 


aatgcCaUCy guctuy t UctyL> yciyciciciciu.y w ^ a.ciu. u a. i— l» 


7080 


atgcatcagc 


cacacccacc 


cccatcccca ggatgcttgc cccaccactt tctctttctt 


7140 


ttgtaaactg 


aaaagcgctt 


tgcagtctaa gatagtccat tagagtaaat gaagccatga 


7200 


agtccagcgg 


acaccgggag 


tggggagtgg ggaagecegg cactccggga gaccgggcca 


7260 


gggaaggagg 


gtctggaccg 


gacccagccc ctgcccgggg agcgagctcc ggagctgccc 


7320 


tacgaggtca 


aaacgtagca 


gtggcggaga cccgcagggg gcgcccgaac gccaccctcg 


7380 


gcccctcccc 


gctccagagg 


c 


7401 



